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METHODS AND COSTS OF MINING LIGNITE IN NORTH DAKOTAY 
by 


JIN View Sante’ Sand RC Ellman 


SUMMARY 


Lignite mining in North Dakota was begun about 1884 to supply the domes-~ 
tic needs of settlers. Annual production has grown rather slowly but stead- 
ily, exceeding 3 million tons in 1950. The western part of the State has 
lignite reserves, amounting to 351 billion tons, underlying an area of 28,000 
square miles. 


Contour strip mining has almost completely replaced underground mining 
as the method of production. Lignite is often found under rather shallow and 
easily removed overburden, and this is the primary reason for the change in 
mining practice. Current mining operations are conducted where the overburden 
is 30 to 70 feet thick. Contour strip mining results in high production rates, 
at present 27 to 56 tons per man-day. These high production rates result in 
relatively low production costs. 


The 6 mines discussed in this report supplied approximately 70 percent of 
the lignite produced in North Dakota in 1955. For 4 mines, the cost of strip- 
ping, loading, haulage, and preparation averages 73.70 cents per ton of lig- 
nite produced and is distributed approximately as follows: Labor, 56 percent; 
supervision, 6 percent; and supplies (including power), 38 percent. Overhead 
costs average 40.54 cents per ton. The weighted average total cost is $1.32 
per ton, exclusive of the contribution to the United Mine Workers' Welfare Fund. 


About 75 percent of the output is used by powerplants to produce electric- 
ity. Since the State's economy is agrarian, use of lignite in North Dakota is 
limited. The present freight-rate structure and inherent low heating value of 
lignite limit the area that can be supplied in competition with fuels from 
other sources, Expansion of lignite production will depend upon future changes 
in the State's economy from agrarian to industrial. 


1/ Work on manuscript completed March 1958. 

2/ Mining engineer, Bureau of Mines, Region III, Denver, Colo. 

3/ Supervisor, Preparation Section, Lignite Experiment Station, Bureau of 
Mines, Region III, Grand Forks, N. Dak. 
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INTRODUCTION 


This paper is one of a series being prepared by the Federal Bureau of 
Mines on mining methods and costs in various mining districts of the United 
States. 


The report describes mining and preparation methods in the North Dakota 
lignite-producing area. The material, including costs, was obtained from a 
study of operations at the Kincaid, Velva, Custer, and Dakota Star mines of 
Truax-Traer Coal Co.; the Noonan mine of Baukol-Noonan, Inc.; and the Beulah 
mine of Knife River Coal Mining Co. These 6 mines produced over 70 percent of 
the approximately 3,000,000 tons of lignite mined in North Dakota in 1955. 

The mines are open pits in Divide, Burke, Ward, McLean, and Mercer Counties 
and have been opened, in general, along the northern and eastern parts of the 
coal beds. (See fig. 1.) 


The lignitic coal beds of western North Dakota occur in the Fort Union 
formation of the Paleocene age. (See fig. 2.) Estimates of reserves range 
from 351 to 600 billion tons. The larger estimate was based on broad, general 
assumptions as to the thickness, continuity, and number of lignite beds in 
32,500 square miles of the Fort Union formation. The more conservative 35l- 
billion-ton estimate was obtained from data on thickness and continuity of 
coal beds actually mapped in a 28,000-square-mile area of the Fort Union 
formation.4 


Certain phases in operations of the mines described are generally similar. 
They are: Exploration and prospecting, sampling, development and mining, ex- 
traction, mine drainage, wage contracts, fire prevention, safety, supervision 
and management, and coal preparation. The methods commonly used are described 
under appropriate headings. 


A description of each mine, including its history, location, output, num- 
ber of men employed, type of overburden, character of coal bed, water condi- 
tions, equipment used, preparation-plant flowsheet, and data peculiar to the 
mine, is included in the section describing the particular mine operation. 


4/ Brant, R. A., Lignite Resources of North Dakota: Geol. Survey Circ. 226, 
1953, 78 pp. 


Google 


‘dow uo1y0907 - "| 4JYNdIS 


$27IW 40 31V9S 


_VLOXNVI HILNOS 
VLOnvaA HiLYON % 


“syisodep eyiub6y yo Auopunog 4s03 ¢ 
| 4 


"04 1004 soos] -XONI| ‘OUIW JOYS 04OXOQ-x S 
‘04 [004 seou]-xonsy ‘auiws ajsNy) x » | 
"OD [000 yeos] -xons ‘QUIW OAJAA XE ie 
"09 |00D seOUL-XONU, “GUI PIDDUIY ¥ 2 
‘gui “OUT UOUOOR -/OxND|G x | 


gona 939 7 


\ Y 0D Bulut [005 JaAly ajiuy ‘ourw yoineg x 9 
Pe , 


4y ts on 


Coan aS 
aan 
AVA TiVY — 


—— ~ ewe (1) a7 ee 

DISIVS INT BON HOv3e 

é 

3 

4 fh 2 
¥ 
rm 4 OTK -4 
fo) alo 
W) zl2 
Ww BD r oe | 
z ae ox ol> 
2? 

Zz, v G NOSIuwvd =i 
= Xl|p 

2 Oo 

+! 

] 

S$ p> 

w WONVED . 

wed ntsc frt ' FMOLSITTIA 


bd 
neo miver OF 


VLONVA HLYON 


Vv q Vv N v 9 


wv | 


ALTITUDE 
2,000 


1,800 


1,700 


1,600 


1,500 


1,400 


COAL BEDS IN 


SOUTH PART OF AREA 


SURFACE 
GLACIAL DEPOSITS 


BE ULAH- ZAP 
COAL BED |. 
1940-1980" 


MINTER 
COAL BED 
1,860,900 


GARRISON CREEK 
COAL BED 
1,780 4,830 


WOLF CREEK 
COAL BED 
1,744 -1,766 


LANCE 
FORMATION 


FORT UNION 
FORMATION 


FORT UNION 
FORMATION 


a" eS 235 
- 


COAL BEDS IN 
NORTH PART OF AREA 


SURFACE 
GLACIAL DEPOSITS 


LOCAL 
COAL BED 


NOONAN 
COAL BED 
1,950 


COTEAU 
COAL BED 
1,830-1850 


BURLINGTON 
COAL BED 
1,620 


NOTE 
ADAPTED FROM FED. GEOL. 
SURVEY BULL.906-B AND 
STRUCTURE CONTOUR MAP 
OF THE KNIFE RIVER AREA, 
NORTH DAKOTA, BY FED. 
GEOL. SURVEY. 


3¢ APPROXIMATE ALTITUDE,OR RANGE OF ALTITUDES, OF BASE OF COAL BEDS 


FIGURE 2. - Generalized Geologic Column of Lignite-Bearing Rocks Showing Relative 
Stratigraphic Position and Thickness of the Coal Beds. 
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LIGNITE AREA2/ 


Topography and Climate 


Most of the region containing the lignite deposits lies along the north- 
east border of the Missouri Plateau, a major part of western North Dakota. 
The Missouri River, which is 200 to 300 feet below the plateau, flows gener- 
ally southeastward through the area. The Riviere des Lacs and Souris River 
roughly limit the lignite-bearing area to the northeast. These rivers about 
parallel the Missouri River within the region, and the divide between them is 
known as the Coteau du Missouri. 


South and west of Minot altitudes range from 1,675 to 1,720 feet along 
the Missouri River and north of Minot, from 1,520 to 1,640 feet along the 
Souris River and Riviere des Lacs. Plains rise gently from the rivers toward 
the hummocky divide called the Altamont escarpment, which extends generally 
southeastward. A few of the hills forming the divide have altitudes above 
2,300 feet. 


The Altamont escarpment, rising 100 to 200 feet above the plain, can 
readily be observed as a fairly steep bluff several miles southwest of and 
parallel to the Souris River and Riviere des Lacs. Between Minot and Velva, 
the ground south of the Souris River rises steeply and is known as the Souris 
escarpment. 


Dissected plains, gently rolling hills, and escarpments are the topo- 
graphic features generally found throughout the rest of the area. 


Western North Dakota has a semiarid climate. According to records of 
4 United States Weather Bureau stations, the average annual precipitation 
ranges from 15.65 to 17.71 inches but may vary greatly from the average in 
any year. Most of the rain falls during the summer. The average temperature 
has little significance, as the temperature ranges from -34° to 106° F. 


Vegetation, typical of the northern Great Plains, such as grama, needle, 
wheat, and prairie grasses, grow abundantly throughout the area. Nigger wool 
and bluestem grasses are dominant in the morainal hills. Cottonwood, ash, and 
boxelder, which are native trees, grow along the streams. Cultivated crops, 
including wheat and other small grains, are grown extensively on the plains. 
Corn and alfalfa are grown chiefly in the valleys. 


Description of Coal Bedso/ 


All coal beds mined in the area are in the Fort Union formation. Several 
beds can be traced for many miles along their outcrops, but some have only 
local importance. Possibly the most continuous coal bed in North Dakota is 
the Coteau, which outcrops intermittently within an area about 5 miles wide 
and extends about 35 miles adjacent to the south side of the Souris River, 
from T. 153 N., R. 82 W., to the western part of T. 150 N., R. 78 W. The coal 


5/ Andrews, D. A., Geology and Coal Resources of the Minot Region, North 


Dakota: Geol. Survey Bull. 906-B, 1939, pp. 43-84. 
6/ Work cited in footnote 5. 
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is exposed where stream erosion has removed the cover of glacial drift and lake 
sediments. The Coteau bed is tentatively correlated with the Garrison Creek 
bed, which outcrops extensively on both sides of the Missouri River and its 
tributaries, 25 to 30 miles southwest. 


The Burlington bed, about 200 feet above the base of the Fort Union for- 
mation and 220 to 270 feet below the Coteau bed, outcrops northwest of Minot 
along the valleys of the Souris River and the Riviere des Lacs and extends 
about 25 miles. (See fig. 2.) 


The Noonan bed outcrops along the toe of the Altamont escarpment south 
of Noonan and Columbus (in Divide and Burke Counties, respectively) and is 
exploited in the Kincaid and Baukol-Noonan mines. 


The Minter coal bed outcrops along Garrison and Douglas Creeks, tribu- 
taries of the Missouri River. It is 60 to 70 feet above the Garrison Creek 
bed. 


In the area north of Hazen and Beulah, Mercer County, a thick coal bed 
in the upper part of the Fort Union formation, known as the Beulah-Zap bed, 
is commercially important. 


Another important coal bed, the Wolf Creek, outcrops along the Missouri 
River in T. 147 N., R. 84 W. This area is near the dam site and is almost 
covered by Garrison Dam Reservoir. The coal is about 80 feet above the base 
of the Fort Union formation. 


The coal in the Fort Union formation is of lignitic rank. It is brown 
and fibrous with many carbonized plant remains. The tough lignite does not 
break readily but splits easily along the bedding planes. When the coal is 
first exposed to air, it occasionally has a conchoidal fracture. Extended 
exposure causes the lignite to slack rapidly. Silicified and carbonized logs 
are found occasionally in the upper part of the lignite beds. The carbonized 
logs apparently do not affect the quality of the coal adversely, and the sili- 
cified logs can be identified readily and rejected as waste. 


Near the steep-banked draws (called coulees), which cross or incise the 
lignite beds, or where the overburden is thin, the lignite is usually so 
slacked as to be valueless. Even in areas where the overburden is 30 feet or 
more thick, several inches to more than 1 foot of the top part of the lignite 
bed is often weathered to slack. 


Coal beds mined at the properties examined range from 3 to 18 feet in 
thickness. Occasionally, the beds contain partings of bony coal, sandstone, 
shale, or clay. In places these partings are only a few inches thick; in 
others, the partings are 10 feet or more thick. 


The coal beds are underlain by clay. Above the coal, especially in the 
Coteau and Garrison Creek beds, there is usually a blue~gray clay that con-= 
tains pebbles and sand and ranges in thickness from a few inches‘to 20 feet. 
This clay is overlain by interbedded light-tan and gray sandstones and dark- 

ray and buff shales. These strata range from a few inches to 50 feet or 
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more in thickness, depending on how much has been eroded by glacial or stream 
action. Glacial till or drift and moraine material consisting of sand, gravel, 
boulders, and small amounts of clay and silt, unstratified and loosely consoli- 
dated, rest upon the Fort Union formation. In the northern part of the region 
the glacial deposits are covered in most places by a thin deposit of sediments 
formed by glacial Lake Souris. The total thickness of the glacial and lake 
deposits ranges from a few feet to 200 or more. 


Consolidation of the coal seams differs slightly, and the individual coal 
beds show some physical differences. In some areas the coal is hard and dense 
and must be fractured by blasting before being loaded. At other locations the 
lignite is loosely consolidated and can be loaded directly without blasting. 


History and Production 


Lignite mining began when the first settlers arrived in the lignite-bear- 
ing section of western Dakota Territory. Immigrants generally selected farm 
sites near the coulees and rivers in order to have a water supply. The lig- 
nite beds were well exposed in the bottoms and banks of the streams, and farm- 
ers obtained their fuel by digging open pits and tunnels into the outcrops. 
This practice was so prevalent during the late 19th century that it is impos-~ 
sible to value an accurate estimate of the total North Dakota Lignite produc- 
tion. According to the Thirty-Seventh Annual Report, Coal Mine Inspection 
Department of North Dakota (1955), the first recorded production of lignite 
in 1884 was estimated at roughly 35,000 tons. The annual output of lignite 
gradually increased, and in 1900 over 100,000 tons was mined. In 1922 produc- 
tion of lignite exceeded the million-ton mark for the first time and totaled 
1,057,823 tons. By 1937 production had increased to 2,184,927 tons. In 1950 
and 1951 it was 3,212,534 and 3,280,847 tons, respectively, the latter being 
the highest output recorded in the period 1884-1955. Since 1951 annual pro- 
duction has been near 3 million tons. 


Before 1927 lignite was mined chiefly by the room-and-pillar method. 
This method is still practiced in North Dakota, but the number of mines using 
it decreases each year. Previously, shafts, slopes, and drift entries had 
been used to develop such mines; now most of them are developed through slopes. 
Since 1927 open-pit mining has been adopted gradually by the industry and now 
yields most of the lignite produced. 


The following conditions are chiefly responsible for the change from 
underground to open-pit mining: Mine roofs must be supported by relatively 
large pillars that cannot be recovered entirely. The lignite often ignites 
spontaneously in the mined-out area; this also often forces abandonment of 
large blocks of coal. Mainly because of these conditions, only about 50 per- 
cent of the lignite developed in underground mines is extracted. The fires 
liberate noxious gases that are a safety hazard in underground mining. 


The high productivity in tons per man-day, which resulted in low produc- 
tion costs, has been a major factor in developing open-pit mining procedures. 
Open-pit mining is currently confined to areas with a maximum cover of 70 
feet, and at the mine sites the glacial material is rarely more than about 
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50 feet thick. According to the North Dakota Coal Mine Inspection Department's 
report, 75 mines are licensed in the State; 9 are underground, and 66 are open- 
pit mines. | 


Contour stripping is the only open-pit mining method used in the North 
Dakota lignite fields. Practices may differ in detail from mine to mine, but 
they are basically the same. 


Labor and Living Conditions 


The men who work at the mines usually live nearby in towns or on farms. 
Key personnel and supervisory officials generally live at the mines in houses 
rented from the company, unless the mine is very close to a town. Both the 
Baukol-Noonan mine and the Knife River Coal Mining Co. Beulah mine are near 
towns. Truax-Traer Coal Co. has provided modern camps at its Custer and Dakota 
Star mines, as they are far from established communities. (See fig. 3.) Rent 
for the company-owned houses is lower than for equivalent housing in towns - 
an inducement for employees to live at the mine. Utility rates also favor 
maintaining a home at the camp. 
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FIGURE 3. - Modern Camp, Dakota Star Mine, Truax-Traer Coal Co. 
Labor supply and working conditions are good. Turnover is relatively low 


for key personnel but high for common labor, owing partly to the fluctuating 
demand for coal, which results in seasonal layoffs. 
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Consuming Area and Freight Rates for Rail Shipment of Lignite—— e/_8/ 


The consuming area, comprising over 100,000 square miles, includes all of 
North Dakota and extends into Minnesota and South Dakota. The market area ex- 
tends east and southeast to localities where the cost of rail-shipped lignite 
and water-transported coal (from Illinois, Missouri, and Kentucky) is about 
equal. 


Much of the lignite is shipped over 200 miles to more populous centers in 
the eastern part of the area. Within North Dakota freight rates for domestic- 
size lignite are slightly higher than for industrial-size lignite. Interstate 
rates per ton are the same for all sizes of prepared lignite and are lower than 
intrastate rates. Table 1 gives freight rates for the rail shipment of indus- 
trial lignite from various mines to selected cities. 


TABLE Ll. - Minimum rates for railroad shipment of industrial lignite 
from mines to selected cities 


Destination 


N. Dak.1/ N. Dak Minn,l 2/ 


Rate, cents 


Per 

Distance, Distance, ton=- 

Mine miles miles mile 
Kincaid ... 0.652 
Noonan .eece - 640 
Beulah .... ~675 
Hazen .eece - 686 
Garrison .. 687 
Voltaire .. 749 
ZaD' 6eecsas 666 
Dickinson . 643 


Average . ete ae te 675 


1/ Rates include ex parte 196 increase, effective Apr. 6, 1957. 
2/ Rates to Minneapolis, Minn., include ex parte 206 increase. 


DEVELOPMENT PRACTICE 


Prospecting 


Prospecting programs in the lignite field are designed to provide the 
data required for calculating reserves when a new mine is opened or the re- 
serves of an operating mine are extended. In selecting the site for any mine 
economic factors considered include the site's nearness to railroads and 
markets. 


7/ Bureau of Mines Staff, Washington, D. C., and Grand Forks, N. Dak., Tech- 
nology of Lignitic Coals, Part 1: Bureau of Mines Inf. Circ. 7691, 
1954, p. 128. | 

8/ McMurtrie, R., and Oppelt, W. H., Developments in Lignite Technology and 
Utilization: Ind. Eng. Chem., November 1956, pp. 1996-2000. 
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For open-pit mines physical factors include the depth and type of over- 
burden, the thickness and physical characteristics of the coal bed, and the 
quality of the lignite. The purpose of prospecting is to delineate areas where 
the thickness of the overburden does not exceed 70 feet and averages about 45. 


. The open-pit method of mining in North Dakota is known as contour strip- 
ping. This refers to the form of the pit layout and the practice of generally 
following the contour of the terrain above the deposit. Often the pit design 
must be modified to avoid a part of the deposit that is weathered and value- 
less or places where stream erosion has removed a portion of it. As the coal 
beds are relatively flat, the depth of overburden is usually the determining 
factor when contour strip mining is being considered. The lignite beds are 
lenticular and occasionally contain clay and rock inclusions and partings; 
these factors must also be considered in the mine plan. Consequently, pros- 
pecting is done methodically and thoroughly, usually by drilling, to obtain 
the detailed data necessary to delineate and evaluate that part of the coal 
deposit best suited for mining. 


Lignite property is acquired by mining companies from public and private 
owners, either by direct purchase or lease. For the most part, the land has 
been subdivided by the United States system of surveying public lands. Sec- 
tion corners and quarter corners are convenient starting points for laying out 
the preliminary grid for the drilling plan. 


At proposed mine sites and where the extent of the coal deposit is to be 
determined in advance of active mines the holes are drilled first near the four 
corners and center of the section or subdivision. The holes are seldom drilled 
less than 0.5 mile apart. Data thus obtained are evaluated to direct the sec- 
ond phase of the prospecting plan, which consists of drilling additional holes 
between those where a favorable coal deposit was penetrated and between favor- 
able and unfavorable holes to determine the limits of the deposit. The pros- 
pect holes generally are placed at or near the corners of 40-acre tracts or 
0.25 mile apart. 


The third and final phase of prospecting for lignite is to drill at closer 
intervals to outline the areas where thickness of overburden averages 45 but 
does not exceed 70 feet. This phase of drilling delineates the weathered and 
eroded areas, the parts of the deposit that might contain concretions or part- 
ings, and the areas that are too thin to mine economically. In many places the 
holes must be drilled on 50-foot centers to obtain the information needed be- 
fore the mine-pit layout can be determined. Figure 4 shows a typical example 
of the drilling pattern and prospecting procedure described above. 


Several types of drills have been used in prospecting. Two of them (the 
churn drill and mobile rotary drill) are now favored. The churn drill with a 
4~-inch-diameter drive shoe is used chiefly to prospect an area where it is 
proposed to open a new mine, especially when lignite samples are desired to 
determine quality. 


Reserves in advance of existing lignite mines usually are determined by 
using a mobile rotary drill. Either a 3-7/8-inch-diameter shale bit or rock 
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bit is used, depending on the type of material encountered. The thickness and 
relative quality of the lignite are ascertained from the character of the drill 
cuttings and the action of the drill when penetrating the bed. Where resist- 
ance to penetration is strong and the drill cuttings are fine and small, the 
lignite is usually of good quality. Coarse drill cuttings and rapid advance 

of the drill usually signify that the lignite has been weathered to slack. 


Churn drilling contracted to drilling companies costs approximately $1.75 
per foot of hole. Rotary drilling is done by the coal-mine employees, using 
company equipment. Drilling programs at existing mines are usually brief and 
erratic in schedule, making it difficult to maintain an experienced drill crew. 
The grade of the lignite is broadly uniform, so that most of the information 
obtained by rotary drilling is reliable for the accuracy desired. 


Drill-hole locations are plotted on the mine map, along with the thick- 
ness and character of the coal and overburden. At some mines elevations of 
the collars of the holes are given. As the coal beds are relatively flat, 
depth of overburden is usually the determining factor when contour strip min- 
ing is considered. Reserves are calculated from these data by the polygon or 
the triangle method. The customary procedure is to drill an area that will 
insure measured reserves equal to about 2 to 4 years of mine production. 
Inferred future reserves based on information obtained from trenches along 
the outcrop or from widely separated drill holes are generally equivalent 
to about 20 years of current mine production. 


The large companies employ full-time engineers to survey and formulate 
the mine plans; small operators engage private surveyors and engineers to 
plan the mine layouts, after which company supervisors direct the plan of 
advancing the existing pits. At all mines, the development and mining 
advances are surveyed and mapped annually. 


Sampling and Analysis 


Lignite samples are obtained from churn-drill holes by driving pipe 
through the bed. Four-inch-diameter core samples are taken at l-foot inter- 
vals or less, depending upon the nature of the deposit. 


In rotary drilling the lignite cuttings brought to the surface by drill- 
ing fluid often are contaminated by cuttings from the overburden and for this 
reason are not analyzed. The relative quality of the lignite bed is deter- 
mined by observing the action of the drill and the size of the cuttings during 
boring through the coal; this method has been discussed, 


Tipple samples are obtained by taking a full cut across the stream of 
coal flowing from the loading chutes and booms at selected time intervals. 
Those chosen may range from 15 minutes to 3 hours, depending upon the degree 
of accuracy desired. Sometimes only one spot sample of lignite of a particu- 
lar size is taken each day. 


Samples from the mines and tipples operated by the Truax-Traer Coal Co. 
‘re analyzed at the company laboratory, Minot, N. Dak. The determinations 
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usually include: Moisture content, ash content, heating value, and ash-soften- 
ing temperature. Occasionally, a sulfur analysis is made when a sales contract 
specifies a maximum sulfur content. The ultimate analysis can be made at the 
laboratory but is seldom required. 


The following is an analysis by Truax-Traer Coal Co. of typical minus-2- 
inch coal taken at the Velva-mine tipple: 


Heating value, Ash-softening 
Condition percent percent B.t.u./lb. temperature, ° F. 
5.0 


As received .ccccocceccer 40.2 6,410 2 5430 
Dry basis eoeoseeoeoeeees = 8.4 10,710 = 
Moisture- and ash-free . - cs 11,690 - 


The smaller mining companies submit lignite samples from drill holes, 
mine tipples, and channels cut in the coal bed at the mine pit to the Univer- 
sity of North Dakota School of Mines for similar analyses. Operators of coal- 
burning powerplants analyze the lignite received to determine adherence to 
specifications, Uniform-quality fuel is required to maintain efficient opera- 
tion, and the analyses often are given to the lignite supplier to aid him in 
maintaining quality. 


The Federal Bureau of Mines samples all sizes of prepared coal at each 
mine tipple in the lignite field at intervals of not less than 2 years. Data 
obtained from analyses of the samples are used as a basis for preparing 
Government coal-purchasing contracts and are available to all Government 
agencies and other interested parties. These data are kept in open files at 
the Denver (Colo.) and Pittsburgh (Pa.) offices of the Bureau. Both proximate 
and ultimate analyses are made of the samples taken during the first visit to 
any property. Proximate analysis, heating value, and sulfur content are deter- 
mined from samples taken at subsequent visits. The ash-softening characteris- 
tics, initial deformation temperature, softening temperature, fluid tempera-~- 
ture, and ultimate analysis are not determined after the initial visit, except 
on request. Selected analyses of North Dakota coals samples by the Federal 
Bureau of Mines are given in the Appendix, 


GENERAL MINING PRACTICE 


Contour strip pits are opened as near to the outcrop as physical condi- 
tions of the deposit permit. Although the lignite beds are relatively hori- 
zontal, they undulate locally and form monoclines, synclines, and anticlines. 
The flanks of the structures range in length from a few tens of feet to several 
thousand feet. The vertical distances between the crests and troughs of the 
anticlines and synclines range from 1 to 20 feet. The mine pit usually is 
started in the bottom of the syncline and advanced upgrade toward the crest 
of the anticline. This provides drainage for the mine water away from the 
working face and permits the mine equipment to operate in a relatively dry 
area. At the lowest part of the pit a sump is dug in the coal where the 
water collects. From here, the water is pumped and piped to natural drainage 
courses outside the mining area. 
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The pit advance is directed to maintain a reasonably uniform thickness of 
overburden. This is accomplished by generally following the contour of the 
terrain and results in a meandering course. This method has been termed 
"contour strip mining." 


The overburden is stripped by power shovel and dragline and cast from the 
area underlain by coal. At some mines the first strip can be continuous and 
follow nearly the same contour from one end of the property to the other. 


More often a gully, or poor coal that must be left, or some other condi- 
tion will prevent continuous stripping. In that instance a string of arcuate 
boxcuts of uniform widths but different lengths is excavated. When additional 
adjacent strips are dug and overburden becomes thicker, a continuous strip is 
finally developed. 


At one mine an island pillar was left in the pit to protect an oil-test 
drill-hole site. After the initial contour strip pit has been mined out, a 
second strip is developed alongside the first pit and toward the main body 
of the lignite. Except where local conditions in the deposit force a change 
in the mining plan, subsequent contour strips generally parallel the course 
of the first strip. Overburden from the second strip is cast into the area 
from which the coal has been mined. 


At some mines lignite is relatively unconsolidated and can be loaded 
directly. At others it must first be blasted. The lignite is loaded into 
20-ton-capacity trucks and transported to a centrally located tipple to be 
prepared for the market. The crushed and screened lignite is loaded into 
railroad cars (40- to 70-ton capacity) or trucks. 


Stripping 


In the early period of development of the North Dakota lignite fields a 
few smaller companies hired independent contractors to strip the overburden. 
In 1957 most companies stripped overburden with company-owned equipment. 


At the mines overburden is 30 to 70 feet thick. Stripping shovels, drag- 
lines, and tower excavators are used to remove it. Single units, shovels, or 
draglines are employed to strip overburden less than 40 feet thick. Combina- 
tions of the different types of excavating machines remove overburden thicker 
than 40 feet. 


In some mines, two recoverable lignite seams occur at different strati- 
graphic levels. Stripping overburden at these mines requires considerable 
maneuvering of the equipment and complicates the procedure. 


At some pits the overburden contains rock lenses that range in thickness 
from a few inches to as much as 6 feet and are as much as 12 feet wide and 
several huddred feet long. Usually these lenses are found in the upper part 
of the predominantly clay overburden. 
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The stripping procedure at one mine is as follows: The dragline removes 
the overburden down to the rock lens, in which blastholes are then drilled 
with a jackhammer. The holes are commonly started with a 2-1/8-inch bit on 
a 2-foot steel, followed by a 2-inch bit on a 4-foot steel, and finished with 
a 1-7/8-inch bit on a 6-foot steel. Compressed air is supplied by a portable 
compressor hauled by a pickup truck. 


The size of the rock lens determines the spacing of the blastholes, al- 
though they are usually on 5-foot centers. If the lens is wide enough, a box 
spacing is used. In a small lens one hole is often sufficient to break the 
rock, so that it can be handled by the stripping equipment. Each hole is 
charged with 6 sticks of l-1/4- by 8-inch, 35-percent Monable AA dynamite and 
tamped with clay. The charge is detonated by electric caps, using magnetos or 
special blasting devices connected to the power source of the stripping 
machinery. The cost of the explosives for this operation averaged about 
$0.005 per ton of coal produced. 


The weathered and contaminated slack at the top of the seam is pushed 
within reach of the stripping shovel or dragline by a bulldozer and spoiled 
with the clay and rock overburden. The top of the coal is then thoroughly 
cleaned and prepared for mining by a scraper loader. (See fig. 5.) 


Climatic Conditions Affecting Operations 


Normal snowfalls are readily removed from the roads and working areas by 
a patrol grader and bulldozer. Portable snow fences are sometimes installed 
at strategic points along the haulage roads and pit rims to stop snow from 
drifting. The area near the working dragline is cleared of snow immediately 
after a storm, so that the machine can be maneuvered without building up a 
compacted snow mass under the dragline tub. Severe snowstorms have occasion- 
ally caused the mines to be idle for a few days, usually because the railroads 
cannot furnish cars to the tipples, especially when the snowstorm is accompa- 
nied by high winds that cause drifts and block the railroad cuts. 


Clay freezing to the dippers adversely affects the efficiency of the 
stripping machines. The clay builds up inside the dipper to such an extent 
that it reduces the dipper's capacity, and the machine must be stopped occa- 
sionally to remove the accumulation by heating. The Fort Union formation is 
predominantly clay and contains too little shale and rock to clean the clay 
from the dipper. 


Several heating methods have been tried to prevent freezing clay from 
adhering to the dippers. One method used is to heat the dipper periodically 
by placing it upon a pile of burning ties saturated with waste oil. Oil-burn- 
ing torches directed onto the dipper also have been used, but the uneven 
heating caused considerable cracking. Calrod heater strips and plates are 
used at some mines to heat the dippers and have proved fairly satisfactory. 


Truax-Traer Coal Co. has been experimenting with another heating method - 
pumping hot antifreeze fluid through metal tubes that are secured within the 
dipper shell. The liquid is heated by an oil-burning torch operating within 
a small chamber containing a heating coil. Operation of the torch is 
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controlled by a thermostat, which is set to regulate the temperature of the 
fluid circulated continuously through the tubes. A similar dipper heater was 
installed and operated satisfactorily in the winter of 1955 at the Custer 
mine, and another heating unit of this type was being assembled at the Kincaid 
mine in the fall of 1956. 
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FIGURE 5. - Lignite Bed Stripped and Cleaned for Loading. 
Drilling and Blasting Practice 


Wagon drills, often made by the company, are used predominantly to drill 
the coal. (See fig. 6.) The drills usually are mounted on pneumatic-tire, 
3-wheel carriages. Generally, they are gravity-fed drills that utilize the 
weight of the motor and gearbox, but occasionally they are fed manually. The 
tool stems consist of 2-1/2-inch-diameter, flat-pitch coal augers fitted with 
either throwaway or tungsten carbide insert bits. The rotary drills are driven 
by gasoline or electric motors. Vertical drill frames are constructed to ac- 
commodate about 12 feet of effective auger. When the Lignite deposit exceeds 
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12 feet in thickness, additional 4-foot sections of the auger steel are added 
to complete drilling of the thicker bed. Blastholes are drilled to the bottom 
of the coal. The explosive charge is placed in the bottom of the hole and 
tamped with clay. 


Drillholes are spaced at 10- to 12-foot centers, depending upon the thick- 
ness of the coal bed. In beds thinner than 10 feet the blastholes are spaced 
at intervals equivalent to the thickness of the coal. The box diagram is 
favored for the drillhole pattern, but the alternately spaced or triangular 
arrangement is also used. 


Five to nine sticks of explosive are used for each hole, depending upon 
the type of coal prepared for the market or its toughness. At some mines 
the explosive is detonated with electric blasting caps; at others MS~delay 
electric blasting caps are used. When delay caps are used, three rows of 
drill holes are usually fired for each round. The row of holes near the pre- 
viously broken face is detonated by MS-50 electric blasting caps; the second 
and third rows toward the solid are detonated by MS=-75 and MS-100 delay caps, 
respectively. 


Several types of explosives are used for blasting. Two of the more com- 
mon types are Lump Coal-C and Stripkolex, permissible explosives detonated by 
electric blasting caps with 10-foot~-long lead wires which are fired, 5 or 6 
holes at a time, by a 50-cap blasting machine. 


Slightly more than 1 day's mine production is drilled and blasted before 
mining. Where the coal bed ranges from 10 to 14 feet in thickness and aver- 
ages 12 feet, a drill crew of 2 men can drill 40 to 60 holes in wet coal and 
100 to 120 holes in dry coal in one 7-1/4-hour shift. It is estimated that 
1 pound of explosive breaks an average of 6 tons of coal. 


Loading 


After stripping and blasting, the coal is loaded by electric-powered 
shovels into diesel-powered trucks. (See fig. 7.) The shovels operate in 
the bottom of the pit from which the coal is being loaded. They load the coal 
into trucks that travel on top of a solid coal berm or in the bottom of the 
pit, provided it is dry. The width of the exposed coal varies from mine to 
mine. If the coal seam contains water, the underlying clay stratum becomes 
soft, and haulage roads constructed in the pit bottom are impassable. When 
this condition exists, a berm of solid coal is incorporated in the pit design 
to provide an all-weather access road. 


Percentage of Extraction 


It is estimated that overall extraction of lignite by stripping in North 
Dakota is about 70 percent. About 90-percent extraction of the marketable 
stripped coal is realized. The largest block of coal not mined is the narrow 
strip or fender of lignite left along the toe of the spoil pile to prevent 
waste from contaminating the mined coal. Also, a thin blanket of lignite 
usually is left in the bottom of the pit to insure that the underclay will 
not be mixed with the lignite. 
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Drainage 


Coal beds and sandstone lenses in the Fort Union formation are known to 
be aquifers in the area. Flowing wells are found at some locations when the 
beds and lenses are drilled along the edge of the escarpment south of the 
Souris River. These beds have produced artesian water at depths of 100 to 
550 feet. 


According to Simpson:2/ 


The water, which rises in wells to the surface in small weak flows, 
seems to derive its hydrostatic pressure more from the higher 
ground level beneath the escarpment, which causes a slow general 
downward percolation of the water, than from the elevation of 
water in the bed that is tapped. 


In some places the coal and sandstone have little or no water. Mines 
in those localities are drained by intermittent or continuous pumping, as 
required. 


Generally, mining is advanced upgrade, and the water produced at the face 
is ditched to a sump. The size of the sump may range from a hole with dimen- 
sions of a few feet to one as wide as the pit and several hundred feet long. 
The water is pumped from the sump and piped either over the highwall or spoil 
pile to the nearest natural draw draining away from the mine area. The maxi- 
mum static head seldom exceeds 80 feet. It is necessary at times to dig 
ditches to divert mine and surface waters away from the pit when natural 
drainage is lacking. 


Pumping stations are constructed usually by dumping spoil into the mined-~ 
out part of the pit used for the sump. This pile of waste is leveled and 
forms a small peninsula protruding from the coal=-berm roadway into the sump. 
In order that the pumps will have a relatively low-suction head, the top of 
the fill is graded so that its elevation is only a few feet above the high- 
water level in the sump. A station of this type is easily accessible and 
provides a stable footing for workers who maintain or repair the pumps. (See 
fig. 8.) Pumps may also be mounted on rafts constructed of wooden frames and 
steel drums. The discharge lines are plastic or rubber hose, iron pipe, or 
combinations of these; depending upon conditions. 


At some pits small self-priming pumps, operating intermittently and auto- 
matically, handle the mine water. At other mines the water is controlled by 
continuous pumping from large sumps. The pumps range in size from 1.5-inch 
discharge pumps driven by gasoline motors to 6-inch discharge centrifugal 
pumps driven by 40-hp. electric motors. Most of the pump motors operate on 
220-volt, a.-c. motors, but a few of the larger pumps that discharge through 
long pipelines are driven by 440-volt, a.-c. motors. 


9/ Simpson, H. E., Geology and Ground Water Resources of North Dakota: 
Geol. Survey Water Supply Paper 598, 1929, pp. 250-262. 
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At the east end of the Velva mine a large volume of water flows from the 
coal seam. The water accumulates in the sump formed by the mined-out area 
at such a rate that it is not economical to provide a pump large enough to 
handle the inflow. Present practice is to pump continuously for several 
months in an area before it is mined in order to lower the water table. A 
sump is constructed at the lowest elevation, and 6=- and 4-inch discharge 
pumps are installed. (See fig. 9.) 


A study is being made to evaluate this method of dewatering the coal bed 
at Velva. Test wells are being drilled so that the drawdown of the water table 
by pumping can be measured. Excavation of large pits and ditches to intercept 
the underground flow in advance of the mine workings is an alternate procedure, 
but this action doubtless will be deferred until the present study has been 
further advanced. 


Occasionally the coal bed undulates locally and forms a depression between 
the working face and the sump. When the depression cannot be drained by a 
ditch, the water is pumped into the main sump by portable, gasoline-motor- 
driven pumps. 


Pumping cost data are not available, but it is estimated that the maximum 
power cost is about 2 cents per ton of mined coal. 


Haulage 


Coal is transported from the pits to the preparation plants by trucks. 
Bottom-dump semitrailers are used at 5 mines, and rear-dump trucks are used 
at 1 mine. 


The bottom-dump semitrailers are generally used because the coal is rela- 
tively free flowing, and dumping into drive-over hoppers is unrestricted. 
(See fig. 10.) At one mine rear-dump trucks are used, as coal is dumped at 
the preparation plant into a restricted hopper. 


The trucks are subject to severe loading impact when under a large 

shovel. With semitrailers the load is distributed between the driving wheels 
of the tractor and the rear wheels of the trailer. With rear-dump trucks the 
load is concentrated over the driving wheels. This offers some advantage when 
it is necessary to drive over water~-softened roadbeds. In each instance large 
tires are used to aid traction. Generally the haulage roads are reasonably 
level, permitting high-speed travel. The bottom-dump semitrailers are Euclids, 
and the rear-dump trucks are Macks; both are powered by 200-hp. diesel engines. 


Main haulage roads from the immediate vicinity of the pit are constructed 
by first grading the surface to conform to a designed and surveyed alinement. 
The road plan provides for long, smooth curves, eliminates steep grades, and 
assures good drainage. 


Several materials are used for road surfacing. Permanent roads sometimes 


are surfaced with gravel or scoria (a name given to the natural clinker or 
calcined clay formed where coal has burned near the outcrop). Other permanent 
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roads are surfaced with pit-run gravel or scoria mixed with the subgrade mate- 
rial as a binder. Still other permanent roads are surfaced with a mixture of 
1 part of clay and 3 parts of scoria or gravel. The mixture is prepared in 
windrows by patrol graders, spread evenly, and compacted upon the roadbeds. 

A large, tractor-drawn roller is used to crush and compact this surfacing 
material. 


FIGURE 10. - Maintained Haulage Roads Permit Fast Travel. Truck Returning 
to Kincaid Mine Pit After Dumping Load at Tipple. 


Another method of road surfacing requires laying a 6-inch course of com- 
pacted raw clay upon the subgrade, followed by a course of compacted gravel. 
Roads constructed by this method are reported to be extremely resistant to 
attack from normal precipitation and even withstand severe rains or snowstorms 
with little or no damage. Temporary access roads are built to less exacting 
specifications and usually are surfaced with a single course of scoria, gravel 
or cinder, and clinker obtained from the powerplants. 


Normally roads are built wide enough for two-lane traffic. Where high 
speeds can be attained, roads are made wider to assure safe passing. Where 
topography is favorable, the pit roads are separated and permit one-way 
travel. 
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The ramps into the pit are initially short, steep approaches about 500 
feet long and have as much as a 1l0-percent grade. Ramps through the highwall 
side of the pit remain constant in grade and length until the stripped coal 
accessible from them has been mined. (See fig. 11.) Stripping of the next 
contour destroys much of the ramp, and a new one must be constructed. The 
first ramps built on the spoil-pile side of the pit have about the same spec- 
ifications as those on the highwall side. As each new contour strip is devel- 
oped, this ramp increases in length and decreases in grade. (See fig. 12.) 
These ramps are graveled and maintained in good condition; otherwise, they 
would become bottlenecks in the haulage system. 


Haulage roads in the pit bottom are either on top of the coal berm or 
traverse the exposed underclay. The pit roads are relatively rough, and 
only a minimm of maintenance is provided to keep them in shape for the 
slow-moving traffic. The pit access ramps generally are built a maximum of 
1,500 feet apart. Where practical, the haulage road is constructed as a loop 
so that trucks, shuttling between the pit and the tipple, travel a continuous 
route. This arrangement is usual when mining close to the tipple. Where min- 
ing has extended several miles from the tipple, a single, wide haulage road is 
constructed. Near the mine and tipple, small loop roads are constructed to 
aid travel through the relatively congested areas. 


The mines are in areas with gently rolling or nearly flat topography. 
Consequently, main haulage roads seldom have adverse grades of more than 1 
percent, and these usually extend only a fraction of a mile. Trucks can 
travel safely 35 to 40 miles per hour. A few trucks powered by gasoline 
motors were used when truck transportation was first adopted in the lignite 
fields. They were replaced by diesel-powered trucks because diesel fuel 
costs about one-third as much as gasoline. At one mine the cost of fuel 
used in hauling coal averaged $0.02 per ton-mile. 


Preparation 


Crushing and Screening 


Tipples in the North Dakota lignite fields are designed primarily to pro- 
duce specific sizes of coal. Coal prepared before 1930 was in sizes larger 
than 2-inch because it was used chiefly for domestic purposes and in large 
heating furnaces in schools, hotels, and public buildings. At that time the 
minus-2-inch coal was generally a waste product. Since 1930 there has been a 
gradual increase in the use of smaller coal in industry, so that in 1956 about 
70 percent of the prepared coal sold was minus-2-inch. 


Coal sizes prepared for market generally are classified as lump, furnace, 
stove, stoker, crushed stoker, and industrial screenings. Standard sizes have 
not been adopted for these classifications; thus, tipple products of the same 
Name may vary in size from mine to mine. The following are market sizes of 
coal products having the same name: 
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Classification 
Size, inches: 


Plus 8 or 6 .ccocccccccescccecceeee Lump. 

8 by 4 or 6 by 3 caccescceccceccoee Furnace. 

4 by 2 or 3 by 2 ccoccccccecsecceceee Stove. 

2 by le1l/2 or 2 by 1 wecoseeccecocoee #$Nut or stoker. 

Minus 2 .cccccccccccccsccccscsceece Crushed stoker. 

MinuS 2 ccccccccccccccvccccccccces Industrial screenings. 


The Dakota Star mine tipple, one of the larger preparation plants in the 
area, produces about 90 tons of furnace coal, 40 tons of stove, 80 tons of 
stoker, and 100 tons of minus-2-inch natural per hour. "Minus-2-inch "natural" 
is a term used in the North Dakota lignite industry to describe the product 
screened from run-of-mine lignite before crushing. When the natural and 
crushed (minus-2-inch) coal is combined, the tipple can produce 400 tons of 
coal per hour. When stoker coal is produced, about 20 tons of minus-1/2-inch 
coal is made, which is blended with the minus-2-inch natural and sold to the 
powerplants. Under favorable conditions over 4,000 tons of lignite has been 
prepared by this tipple in one 7-1/4-hour shift. 


Most of the tipples are designed so that the different sizes may be mixed 
to suit the demands of the customer. Fines are marketed by all the mines ex-~ 
cept one; there the waste product is stockpiled. Natural lignite fines are 
generally higher in ash content than the Larger sizes of lignite and inferior 
in other qualities. Therefore, once this fine lignite is stockpiled, it is 
seldom reclaimed. 


At most mines the tipple machinery has been replaced gradually to keep 
pace with the changing demands in coal sizes. An exception is the Velva mine, 
where it was advantageous to build a new preparation plant to replace the ob- 
solete one. The new tipple was built near the center of the mining area, and 
the savings in coal-hauling costs helped to defray the costs of the plant. 
(See figs. 13 and 14.) 


The preparation plants do not include mechanical cleaning. Most delete- 
rious material (silicified logs, clay, and sandstone partings) in the lignite 
beds could be rejected readily from the crushed product by bone pickers. How- 
ever, only one company has picking tables in its preparation plant. The small 
amount of bony coal and rock in the coal after it has passed over the picking 
tables cannot be removed economically by washing. 


Because lignite is tough and fibrous, it is difficult to reduce to uni- 
form size. The primary breakers that handle lignite lumps, some several feet 
in diameter, are usually 30- by 72-inch, double-roll breakers, fitted with 
offset and meshing cone teeth. The action of the breaker - a combination of 
crushing, tearing, chopping and shredding - reduces the lignite to a size and 
form that can readily be reduced further by the secondary crusher. Double- 
roll, 24- by 48-inch crushers with cone teeth are used for secondary reduction. 
Some recently constructed tipples, however, have 30- by 60-inch (and larger) 
double-roll crushers, and one tipple has a large single-roll crusher for sec- 
ondary reduction. As the crushers can be adjusted to produce various sizes of 
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coal, their capacities vary according to the size-reduction ratio. Most sec- 
ondary crushers, 24 by 48 inches in size, have a capacity of 300 to 350 tons 
per hour, provided the size-reduction ratio is adjusted to 2. This ratio is 
about 30 to 50 percent lower than that for crushing bituminous coal, for which 
the crushers were originally designed. 


Primary breakers are commonly driven by 100-hp. electric motors. Older 
secondary crushers have 50-hp. motors, but some recently installed, larger 
crushers are driven by 75-hp. motors. The motors appear oversized, but the 
toughness of the lignite and the freezing conditions in winter require motors 
having additional power to operate efficiently. Most electric motors operate 
at 440 volts, but a few special motors operate at 220 volts. 


Shakers with changeable screens that have openings of different size are 
used for primary sizing of lignite. Smaller screens, vibrated electrically 
or mechanically, are used to remove the fines from the crushed stoker sizes. 
Usually, in secondary crushing, the lignite is passed over the vibrating 
screens immediately after crushing, and the oversize is conveyed back to the 
crusher and recrushed. Often a piece of lignite will pass through the crusher 
several times before it is reduced to the desired size and shape. At some 
tipples two vibrating screens are placed in parallel to provide enough screen- 
ing capacity. 


Apron, chain-flight, and belt conveyors are used in the tipples. The 
usual installations are: Apron conveyors, to convey and elevate mine-run and 
large sizes of lignite; chain-flight conveyors, to transport and elevate inter- 
mediate-size coal; and belts, to convey small sizes. Motors, ranging from 5 
to 100 hp., are used to drive the several types of conveyors. The sizes of 
the drive motors depend upon the size, type, and function of the conveyor used. 


Chain-bucket and belt-bucket elevators are employed in some mine tipples, 
but their use is limited because they are prone to stall when overloaded and 
are subject to breakdowns in freezing weather. 


Tipples are designed to produce 2,000 to 3,000 tons of prepared coal per 
shift. Some tipples are operated 7-1/4 and others 8 hours per shift. When 
the demand for lignite is large enough, some mines and tipples are operated 
more than one shift a day. During the summer, when demand is small, the 
tipples may be operated only a few hours 1 or 2 days a week. These sporadic 
operations are necessary because lignite is seldom stored for long periods; 
consequently, the customers order for their immediate needs. 


Truck-loading facilities are available at most tipples to accomodate 
local customers and those who are outside the areas served by a railroad. 
Storage and truck-loading bins near the tipple usually are filled while the 
railroad cars are positioned for loading. This allows the tipple to operate 
continuously. 


Loading booms or boxcar loaders are used to load domestic-size coal into 
railroad cars. When open-top cars are being filled, the loading booms can be 
raised or lowered, so that the lignite is dropped only a short distance, 
reducing excessive breakage. 
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Boxcar loaders are swivel-hinged conveyors designed so that they can be 
snaked into the boxcars where their discharge ends are maneuvered manually. 
Most domestic-size coal is loaded into boxcars because the distributors gener- 
ally do not have facilities for unloading hopper cars. 


Most tipples are constructed on relatively level ground. Consequently, 
the railroad grades in the immediate vicinity of the tipples often are so gen- 
tle that the cars cannot move by gravity. Single-drum hoists, locally called 
"crabs,"" are used to spot the cars under the tipple and haul them to positions 
whence they can roll to the gathering yard by gravity. 


Dedusting and Freezeproofing 


Lignite for domestic use is sprayed with oil to allay dust. Oil is also 
applied to industrial lignite in the winter as a partly successful means of 
reducing agglomeration by freezing during shipment to the consumer. Spray 
oils used at individual mines may differ slightly, but the one commonly used 
has a viscosity of 750 seconds S. U. at 100° F. Approximately 1 gallon per 
ton is applied to domestic sizes and 3 to 5 quarts per ton to industrial 
screenings. 


Oil is applied through spray nozzles installed in an enclosed chute as 
the lignite falls into the car or loaders. It is heated to 100° F. or above 
(to insure uniform coverage of particles and ease of handling) and distrib- 
uted in a system operated at pressures of 125 to 160 pounds per square inch. 
Homemade and manufactured systems are employed to heat the spray oils. One 
system encloses or traces the oil line with a steam line. A commercial method 
(Viking Machine Sales Corp.) circulates heated oil in a tracing system. The 
heating oil is often No. 10 SAE or other light lubricating oil mixed with an 
equal part of kerosine. 


Oil-storage tanks, if aboveground also require heating systems to insure 
flow in the winter. Coal-fired steam boilers are commonly used to supply the 
heat for these systems. Costs of oil-spray treatment are not accurately known 
but have been estimated at 10 to 20 cents per ton. 


The study of factors that influence agglomeration of lignite, freezing, 
and development of optimum or improved treating methods is a current project 
at the Lignite Experiment Station of the Federal Bureau of Mines at Grand 
Forks, N. Dak. 


Storage 


The storage practices of consumers considerably influence mine operation. 
Being a low-rank, high-moisture fuel, lignite has storage characteristics that 
discourage consumers from stockpiling it during slack seasons. Production 
therefore is scheduled according to demand, which is maximum when the weather 
is most unfavorable. 


When exposed to air lignite loses moisture rapidly. The resultant shrink- 
ing and spalling of the surface transform the tough, fibrous lumps to small, 
brittle particles. Domestic sizes, which involve size control, seldom are 
stored for any period and never throughout the summer, 
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Improperly stockpiled, industrial sizes ignite readily by spontaneous com- 
bustion. Carefully placed and compacted emergency stockpiles for 15 to 30 days 
of operation are maintained by industrial consumers. Where constructed in l- 
foot layers and individually compacted to a bulk density of 60 to 65 lb. per 
cu. ft., large stockpiles give no difficulty from spontaneous heating. Side 
slopes of piles are maintained at an angle of approximately 17° or less from 
the horizontal. An example of stable, long-term storage of lignite is provided 
at Garrison Dam, Riverdale, N. Dak., where more than 2 million tons of lignite 
(excavated during construction of the dam) has been successfully stockpiled for 
several Sees, 10) 


Overall Production Rates 


Production rates per man-day generally fluctuate according to consumer 
demand and the number of days worked each month. The.tons produced per man- 
day range from about 20 to 75. The higher rate usually is achieved when the 
mine is operated 25 or 26 days a month. Steady mine operations provide con- 
ditions that affect mine production favorably. The machines are maintained 
better and perform more efficiently. Figure 15 shows graphs of the average 
daily production in relation to the number of operating days per month for the 
reported period. 


Auxiliary Operations 


Mine machine shops are well equipped to repair most mining equipment. 
Minor structures and parts for equipment can be fabricated. Electrical and 
mechanical repair work that cannot be done at the mine is sent to the Large 
electrical- and machine-repair shops at Minneapolis, Minn. 


_ Machine shops are constructed of wood or steel. When constructed of 
steel, the buildings are insulated. 


The shop equipment at each mine may differ in detail but generally in- 
cludes the following: 


Type of Equipment 


Lathes (12-, 24-, 36-inch) Steam pressure cleaner 
Drill press Electric drills (hand held) 
Planer Trip hammer 

Saw (power) | Acetylene cutting torch 
Shaper Table saw (wood cutter) 
Press (150-ton, 300=-ton, 400-ton) Forge and anvil 

Compressor (110-lb. pressure) Bender (pipe) 

Hoist (mobile) Grinder (portable) 

Welding machine (electric) Assorted hand tools 


Grinders (table) 


10/ Allen, R. R., and Parry, V. F., Storage of Low-Rank Coals: Bureau of 
Mines Rept. of Investigations 5034, 1954, 31 pp. 
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Preventive maintenance of all equipment is practiced generally throughout 
the district. One innovation that has reduced machine "down time" and main- 
tenance costs considerably is to have on hand extra gear and shaft assemblies 
that can be installed readily whenever a similar assembly fails to function. 
The faulty assembly is removed from the machine and repaired in the shop, 
where the separate units can be inspected properly. This prevents using de- 
fective parts along with new or sound parts. When on-the-job repairs were 
made, use of defective parts caused excessive wear and damage. The machines 
frequently were inactive, and in an emergency repairs were sometimes make- 
shift resulting in additional down time. 


Possibly the equipment most difficult to repair is the dragline bucket. 
The clay immediately above the coal is usually abrasive, and a dragline bucket 
ordinarily must be repaired about every 6 weeks. One to three spare buckets 
are needed at each mine to insure continuous operation of the dragline. An 
average of 10 man-shifts is required to repair a bucket. Hard-surfacing metal 
and manganese~steel wedge bars are used for these repairs. From 15 to 30 
pounds of this material, costing $0.54 to $1.25 per pound, is used for each 
repair. 


Dragline-bucket teeth usually must be replaced after being used about 24 
hours. Tests are continually being made, using different types and makes of 
bucket teeth. Molybdenum-alloy-steel teeth were being tested when the Knife 
River mine at Beulah was visited. 


Transport trucks are garaged in weatherproof buildings. Service pits, 
tire-mounting equipment, air compressors, and greasing equipment are provided. 
Safety chains or specially designed safety devices are used when tires are 
inflated. 


Explosives magazines are constructed by digging into an isolated hill- 
side. The excavation is lined with timber, and an insulated bullet- and 
vandal-proof door is installed at the entrance. Separate magazines are 
provided for explosives and detonating caps. 


Power Sources and Rates 


Public utilities and rural electric cooperative associations provide 
41,600-volt, 3-phase, 60-cycle electric power for the mines. It is stepped 
down to 4,160 volts at mine substations and transmitted to the mine pits over 
company lines. 


Circuit breakers installed at the transformer stations in the 4,160-volt 
line are actuated either by overload or by ground-conductor current. These 
devices usually are set to reclose about 5 or 10 seconds after tripping the 
first time. If the trouble has not cleared in that period, the breaker again 
cuts out. The power remains off 10 or 20 seconds or about twice the time 
allowed for the first interruption, and the circuit breaker again closes 
automatically. If the breaker is tripped a third time, it will remain open 
until it is reset manually. Three conductor, rubber-insulated trailing cables 
transmit power to the operating equipment and are connected to the transmissior 
lines through semiportable or skid-mounted enclosed junction boxes containing 
low~amperage, ground, trip relays. (See fig. 16.) These circuit breakers are 
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also set to trip and reset on 3-cycle intervals. They limit the voltage to 
ground from a minimum of 4 volts to a maximum of 50 volts. They are opened 
by overloads, short circuits, or ground-current flow. 


All powerlines and electric equipment are protected at each circuit 
breaker and transformer station by lightning arrestors. The machines are 
doubly protected from overloads and short circuits by fuses. 


Power is transmitted through the trailing cables at 4,160 volts a.-c. 
The voltage usually is stepped down, and the alternating current is converted 
to direct current by motor-generator sets installed in the equipment cabs. 
Ward Leonard, Magnetron, or similar controls are used to start and regulate 
the d.-c. motors that operate the draglines and shovels. 


Portable banks of transformers, ranging in capacity from 5 to 25 kv.-a., 
usually are placed on the highwall side of the pit as near to the sump as 
possible. They are used to supply power at 440 or 220 volts, depending on 
the type of pump motor. 


Industrial rate schedules for electric power of two public utility com- 
panies in different sections of the State follow: 


Rate Schedule A 
Demand charge for secondary voltage service: 


First 10 kw., $3.25 per kw. per month. 
Next 40 kw., 2.50 per kw. per month. 
Next 50 kw., 2.00 per kw. per month. 
Excess kw., 1.80 per kw. per month. 


Demand charge for primary voltage service: 
As above, less $0.20 per kw. per month. 
Energy charge: 


cents each. 
cents each, 
cents each. 


First 1,000 kw.-hr. per month, 4.0 
0 
8 
6 cents each. 
4 
3 
2 


4 
Next 3,000 kw.-hr. per month, 3 
Next 6,000 kw.-hr. per month, 1 
Next 10,000 kw.-hr. per month, l 
1 cents each. 
1 cents each. 
1 cents each. 


Next 30,000 kw.-hr. per month, 
Next 50,000 kw.-hr. per month, 
Excess kw.-hr. per month, 

Rate Schedule B 


Demand charge: 


60 cents per kw. per month, with a minimum demand of 300 kw. 
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Energy charge: 


cents each. 
cents each. 


First 5,000 kw.-hr. per month, 
Next 5,000 kw.-hr. per month, 
Next 5,000 kw.-hr. per month, cents each. 
Next 35,000 kw.-hr. per month, cents each. 
Over 50,000 kw.-hr. per month, 1.5 cents each. 


Nw eu 


The following is a comparison of power charges using the preceding rate 
schedules: 


Rate schedule A3 Rate schedule B4 
Usagel/ Total Cost per kw.-hr. ,2/ Total Cost per kw.-hr. ,2/ 
per month charges2/ cents charges2/ cents 


Ll wecceceee| 94,720.50 1.57 $5,350.00 1.78 
2 sevceccee 9,120.50 1.52 10,150.00 1.69 
3 sevseccee| 13,520.50 1.50 14,950.00 1.66 


1/ Based on primary voltage service, 83-percent-load factor, and power factor 
above 0.85: _- 
Condition 1, 300,000 kw.-hr. energy, 500 kw. demand. 
Condition 2, 600,000 kw.-hr. energy, 1,000 kw. demand. 
Condition 3, 900,000 kw.ehr. energy, 1,500 kw. demand. 
2/ Includes demand charge. 
3/ Demand charge averages 0.28 cent per kw.-hr. 
4/ Demand charge averages 0.1 cent per kw.-hr. 


Power-consumption data at 1 mine indicate that the average monthly unit 
rate was highest in July, when it was 2.61 cents per kw.-hr. The lowest rate, 
1.76 cents per kw.-hr. was in September, when power consumption was highest, 
298,200 kw.-hr. This high consumption of power reflects the increase in coal 
production with resultant increased load factor that was necessary to supply 
the peak demand for fuel. The maximum fuel-production rate occurs annually 
in the fall. The yearly average rate was 2.01 cents per kw.-hr. at this mine, 
including extra service and demand charges. 


Power supplied to the individual machines or to separate operations, such 
as tipples, stripping equipment, and mining equipment, is not measured inde- 
pendently, and an exact breakdown of power cost is not available. One mining 
company, however, prorates the monthly power cost against stripping, mining, 
and preparation by estimating the power consumed according to the number of 
days each operation is active. Mining and preparation are assumed to consume 
equal amounts of power, but power consumed by stripping is variable, depending 
on seasonal demand for coal. For example; in summer, when the mine is oper- 
ated only a few days a month, the stripping machinery consumes about 70 per- 
cent of all power used, and the tipple and loading machinery each consume 15 
percent of the monthly total. In winter, when demand for coal increases, it 
is estimated that stripping consumes about 35 percent of total power used, 
and mining and preparation use 32.5 percent each. 
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Fire Prevention 


Periodic inspections of equipment, buildings, and preparation plants are 
made to eliminate fire hazards. Fire extinguishers are placed in all strip- 
ping, loading, and transporting equipment and at easily accessible places in 
all buildings. Fire hose and water hydrants for fire fighting adjoin most 
large establishments. Occasionally, there are fire drills to train personnel 
who work in or near the shops and tipples. 


Safety and First-Aid Organization and Training 


Bureau of Mines first-aid and safety courses have been made available to 
most miners within the preceding 3 years. Some companies use National Safety 
Council literature and posters to encourage safe working habits. Prompt action 
on the part of management to eliminate hazards and employee cooperation in 
following safety rules contribute to a good safety program. 


Supervision and Management 


Truax-Traer Coal Co. operates 4 mines, of which 2 are 200 miles apart. 
A general manager of mines, stationed at Minot, supervises the mine superin- 
tendents. The mine superintendents are assisted by pit foremen and a tipple 
foreman, Usually each mine has a chief mechanic and a chief electrician 
responsible for the men working under them subordinate to the mine superin=- 
tendent. A mechanical engineer and an electrical engineer, in charge of their 
respective departments at the mines, are stationed at headquarters in Minot. 
The engineers are supervised by the general manager. 


A mining engineer under the general manager's direction works out of 
Minot and visits the various mines as his services are required. 


The Knife River Coal Mining Co. has about the same plan of organization, 
except that its headquarters is in Bismarck, N. Dak. 


Baukol-Noonan, Inc., operates only one mine; consequently, it does not 
need a general manager or traveling engineers. Private consultants do the 
mine surveying and engineering. 


Wage and Contract Systems 


Miners employed by Truax-Traer Coal Co. work under a contract agreed to 
by the United Mine Workers of America and the company. The Progressive Mine 
Workers of America have a contract with the Knife River Coal Mining Co. 
Employees of Baukol-Noonan, Inc., are not unionized. 


The following wage rates were paid in 1956 by Truax-Traer Coal Co. and 
Knife River Coal Mining Co. working under union contracts: 
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Classification 


Employed at mine 


Shovel and dragline operator wcecccccccccecccecccecece 
Shovel and dragline OLLOE  o:6.6:0-6'0:0.6:0-4' 6. 6:0.0:6 06's '60:0 6400 we 
Euclid C6uckdriver. 66-6656 6:0 6.660 6.566 0056466 0650068 a e0e8 
Patrol operator CROTCKOHHCHOHOHC HOHE ELEC SEH OOCOCHORO ECE OECELOOe 
Bulldozer operator wcccccccccccccccccrcccseccecccccccce 
Shot CLTET wcecccvcsccveasevccscccscccccccvccsececsesesse 


Pumpman ®eaoseaaceceea@eaceaeaeoeaeaovoeea@nseceso@a@dceeeaoceaeea#c@e~osoaed eds @ 


Employed at tipple 


Foreman eeooaeocevececoeaoeas ova see eoaoeeeneenonaca01oeo@easeoe0ce 8 oe ee 6 8 
Operator eeoa@ceeoceve@e@eoocooeeeosceeeaeonoseeeesecespeaoeeoesceaesesveeaeoeee ese 8 
Oiler e®eoeoeaecev@aenoeoceaeneoee@soaoc@e~cdcW~enseoeeneenV0740e2ceeoee~sce7eee eee eee eo 8 


Loaders COOH OHCHOCEHOOHSOOCCHOHOHOOECOHSHOCOC CEOS OSL OCHEO BE EO EEO OEEES 
Car dropper CHOC CCHOHSECE OOOH SCEOCLOCOOCE HOCH ECO EOE OOOH OOOESLO 
Crab operator CHOCO HEHEHE SCOHOHOHOH OOH OHO OCH HHOHOLEAE ECE EOE 


Employed on railroad (Truax-Traer Coal Co.) 


Engineer ,.ccccccccccccccccccsccecscccscccseseccceesce 
Brakeman CROSCHOHEHEHECOEOEHOHSHHEEHSOTEHOHOE OOOH HORE OHO HOS 
PL QOMAN: 25:5 66) a oi5w w w6re.9 6 ow 0700056 020 6660 6 6056 424465 600 ENS 
TEACK DOSS. 40 0:606:se swe 566 66.66.4065 06606 WE Nhe OC OCW O ES 


Track helper @eeeoeaoeeeoseoeeoeeeeeoeaeweeesseeeveeeeoeoeeaeeneeoeea2 ee 8 


Car cleaner CHESS HSHOHOSESOCHHOHOOCECH HOCH HEHEOOSOHHEHO OOOH OEE EE®S 


Employed at machine shop 
Chief mechanic e@eeeeeeaeeeeaeseeeeaesceseeeesvseseeeeeeeeweeeseewees8e~n~ecdeaence) 8 


Welder eoeeaeeceaonoeoeeoeaoecnceaeoevoeneeeen oceoeagcVeseacasneoeaeeeoneaeeoeeeee eee 8 


Electrician CHOCO EHSEHOHEOHS EOC HOHCOS EEE HHO SCECHOH OOOH OS EOSOSLEEEE 


Employed at carpenter shop 


Carpenter e®@eaeoee@ eee eseoevoeaeeeeveeeoeneveoeoeeeeeaenueeneoeeocoeaee eee 8 @ 
Camp-maintenance worker ee re ee ee ne re 


Watchman @@eeaeeeoeveeoeneoeoeneeoeoeaoeeaeoevoeneeeaeaeoeeeaeveeeosene4eaoceae eee ee 8 


The following wage rates are paid nonunion employees at the Baukol- 


Noonan mine: 


Classification 


Shovel OPEKALOT wcevcccveccveccccceccccceccescecccceee 
Oiler CHOCHCCOCHCOC COE EO CE SCOE EHO LOH ELCOCH HELE EH EOE OOO EHOOELE® 
Bulldozer OPCTALOLT wccccccccccecvcccscessecscecesccens 
Tipple foreman COHCCCCOCCC HL OCCOCOC OC EEOC CCOCEEEDEBODOCEOCORS 
Mechanic, welder, shopman COTE CCE EE OCEORECCOCE LEO HR OOOO 
Truckdriver, tractor operator, tippleman ....ccccccecs 
Common laborer (base pay) COCHCEOCOC LCE C OC EEO LCOC HORE HEL OSOO® 
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Wage scale 


Wage scale 
$3.03 


$2.994 


2.663 
2.514 
2.514 
2.514 
2.514 
2-464 


2.764 
2.564 
2.564 
2.514 
2.364 
2.514 


2.664 
2.664 
2.564 
2.764 
2.364 


2914-2 .364 


2.994 
2.663 
2.663 


2.663 
2.364 
1.888 


2.58 
2.58 
2.58 
2.78 
2.48 
2.43 


er hour 


er hour 
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Labor relations under union contracts follow prescribed rules, which are 
established generally throughout the lignite industry. Nonunion mines, al- 
though not bound by formal contracts, more or less follow the same plan. For 
example, if an employee has a grievance, he is encouraged to talk the matter 
over with his immediate supervisor. If the problem cannot be resolved at 
_this level, it is presented to the next higher authority, and so on, until a 
solution or agreement is reached. If the problem concerns a group of employ- 
ees, a spokesman or committee is appointed to present the grievance. This 
action must be carried through the chain of management in the same manner as 
an individual complaint. 


COST OF MINING LIGNITE IN NORTH DAKOTA 


Table 2 summarizes cost data for 4 of the 6 mines studied. Costs do not 
include the contribution of 20 cents per to the United Mine Workers' Welfare 
Fund. Table 2 also shows the percentage of direct mining costs and total 
mining costs attributed to individual items. Direct mining costs are distrib- 
uted under labor, supervision, and power and supplies. These cost items are 
shown as percentages of the total direct mining costs in tabie 3. 


The weighted average cost of producing lignite at the 4 mines in 1955-56 
totaled $1.32 per ton (exclusive of contributions to the United Mine Workers' 
Welfare Fund). Production per man-shift ranged from 31 to 56 tons, averaging 
about 41 tons. 


INDIVIDUAL MINE OPERATIONS 


Six of the seven major producing lignite mines were visited, and operat- 
ing conditions and procedures were observed. Three companies operate these 
mines as follows: Baukol-Noonan, Inc., Noonan mine; Knife River Coal Mining 
Co., Beulah mine; and Truax-Traer Coal Co., Custer, Dakota Star, Kincaid, 
and Velva mines. 


Baukol-Noonan, Inc. 


Noonan Mine 


The Noonan lignite strip mine is about 1 mile east of Noonan, Divide 
County, N. Dak., a station on the Great Northern Railway. Operation of the 
mine began in 1930 under the management of Baukol-Noonan Lignite Co., a sub- 
sidiary of Noonan Holding Co., which had been formed by a group of local men. 
Baukol-Noonan, Inc., acquired control of the property in 1950 by purchasing 
the stock of the predecessor concerns and now operates the mine. 


The annual production of coal from the Baukol-Noonan mine for the period 
1952-56 is as follows: 


Year Production, short tons 
MOD2: G6 6w alee wib bine 6a 64a wee eee ee eee 311,561 
1953 @e@e0ae@eeeaegeceaeasodn@eaenenee02eeedeo0e000808808608 80 259 ,430 
1954 eeeeoeeeeseaeaoeaoeaeaeeaeoaoaeaeeeaeeaoeoeaoeoneeeeoe 236,162 
LODD: sae os id w wee. 00 Oe OSS eke ONS es 293 ,030 
L9DG. soe. wieo.56e. oso 06 6694 6 6 00a eee ws 286,874 
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TABLE 3. - Distribution of direct mining costs ercent=/ 


Labor Supervision including power Total 


Stripping eooeesvesecee 52 6 42 100 
Loading eoeeeceeeceeeeoece 58 3 39 100 
Hauling eoeeeesoeeeeene 57 4 39 100 
Preparation .ccccccoces 60 9 31 100 
Average ©0000000 008 0068 56 6 38 100 


1/ Distribution prepared from cost data of 4 mines. 


Forty-one men, including 2 supervisors, are employed at the Baukol-Noonan 
mine. Distribution of the employees among the various job classifications 
follows: 


Classification Number employed 
SupervisOr cwcccccccccccccscccsccecvccecccscccce 2 
Dragline and shovel OPCTACOT crccccccccccvccece 6 
OLLOY 2.i.we65.50w 6.6 Le WoW iwwew 6465000500086 66 oO s 6 
Bulldozer operator ..cccccccccerccccccscccccece 1 
Euclid truckdriver ..ccccccccccrcscccessccccccs 5 
Tractor Operator wecccoecececcccccsvsescccsesece 1 
Patrol operator COCO HC CHOCO LO HO CECLO OREO HEL CE® 1 
Electrician and mechanic .cocccccccccccvccceces 4 
Tipple FOTEMAN coccccccvcccescsscsesccveseveece 1 
Tippleman, car dropper, common laborer ..ccccee 14 


About 2,000 tons of coal is produced from the mine per 8-hour shift - 
equal to the tipple capacity of 250 tons per hour. 


Contour strip mining has always been practiced at the Baukol-Noonan pit. 
Before 1945 a lignite-burning steam shovel was used to remove overburden. 
Since then an electric-powered dragline has been used. The track-haulage 
system from the pit to the preparation plant was replaced in 1949 by truck 
haulage. 


Overburden consists chiefly of blue-gray to brownish-yellow argillaceous 
material containing sand lenses overlain by glacial till. 


Two coal beds occur in the Fort Union formation near the Baukol-Noonan 
mine. The upper bed (10 to 40 feet below the surface) is lenticular and ranges 
in thickness from a few inches to as much as 3 feet. About 50 percent of this 
bed is weathered to a material locally called slack (more recently called 
leonardite). A small percentage of the slack has been mined and sold for mix- 
ing with drilling mud. Where it is 2 or more feet thick and not weathered, 
coal in the upper bed is mined for marketing. About 30 feet of material, pre- 
dominantly blue-gray clay with sandstone lenses in the upper part, separates 
the lower and upper coal beds. Thickness of the lower coal bed averages 7 feet. 


At times, about 2 feet above the bottom, a clay parting occurs that ranges 
in thickness from a few inches to as much as 1 foot. Below the lower lignite 
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bed is a bed of light-gray clay 6 to 10 feet thick. This clay is exploited as 
lightweight aggregate after being bloated in a rotary kiln. 


About 10 prospect holes are drilled each year in advance of the mine work- 
ings. This program generally blocks out reserves that about equal the annual 
Production, Drilling is done with churn drills, and coal samples are obtained 
by drive piping. Local well-drilling contractors are hired to drill at a rate 


of $1.75 per foot of hole. Figure 17 is a map of the mine and prospect-drill 
Pattern, 


Overburden is stripped with a Bucyrus-Erie, Monighan Model 9-W, walking 
dragline equipped with a 160-foot boom and a 10-cubic-yard bucket. Supported 
by a flat tub of considerable area, the walking dragline can operate safely on 
Soft ground near coulees and on unconsolidated spoil piles. It may also be 
moved with ease on the paddle feet, which are of comparable area. 


When both beds are recovered, the ratio of overburden to coal for the 
"Pper bed is 10 and to the lower bed 3. The stripping ratio in recovering 
only the lower bed is about 8. The dragline is operated initially from the 
top of the overburden on the highwall side of the pit. (See fig. 18.) 
Material above the top lignite bed is excavated toward the machine in the 
direction of the pit advance and parallel to the mined-out strip pit. The 
width of the excavation is about 110 feet. Spoil is cast into the area from 
which lignite has been mined in the adjacent strip. If the upper lignite bed 
18 of good quality and recoverable, the first cut is made to the top of the 
Coal, If not, the coal is spoiled with the waste rock. The dragline is ad- 
ieee -verel hundred ceee fon hia bench tor esimieh asia thousand feet. It 
is then moved down a ramp, cut in the overburden by a bulldozer, and graded by 
@ Patrol to the top of the bench developed by the first phase of stripping. 


In the second position a key cut or slot is made to establish alinement 
of the highwall parallel to the mined-out strip and to provide a starting point 
for the final operation. The key cut is dug about 10 feet wide at the bottom 
on 5 feet or more wide at the top, depending on the depth of overburden, 
Poil from this second or key cut is cast behind the first pile toward the 
Spoil from the previously mined strip. The spoil from these two cuts is then 
leveled by bulldozer and patrol grader for the third and last position of the 
“ragline in the stripping operation. Smooth and relatively firm access ramps 

st be provided for the dragline to avoid upsetting it. 


d The third and last cut is made by dropping the bucket in the key cut, 
bee it across the width of remaining overburden, and casting the spoil 
nd th 


co € dragline and on the leveled spoil piles. Close supervision and 
°rdination are required to keep movements of the dragline to a minimm., 


oe Most highwalls are dug on al to 3 slope. To insure stability, where 
ould ren consists chiefly of loosely consolidated sands, gravels, and 
of See the Slope must be maintained at 1 to 2 or less. The angle of repose 
agence averages about 38°. The volume of material stripped from the 

s 


estimated by the operators to increase about 20 percent when spoiled. 
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Coulee or slough 
\\\\) Mined-out area 


e Location of prospect hole 
58.6-E — Elevation 
49.0-O0 — Depth of overburden 
5.5-G — Thickness of coal bed 


IGHWALL Location of highwall rim on 
Tray eae date of survey extension. 


NOTE: Data obtained from map drawn by 

J.£.Muzzy, surveyor for Baukol-Noonan 
Inc. First section of map J 
was prepared in May 1940. 
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FIGURE 17. - Map of Baukol-Noonan, Inc., Open-Pit Lignite Mine Near Noonan, Divide County, N. Dak. 
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FIGURE 18. - Baukol-Noonan, Inc., Method of Strip Mining Two Lignite Coal Beds 
by Walking Dragline. 
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All stripped coal can be loaded without using a coal-berm roadway, as 
ground water is not present in appreciable amounts at this mine. The 110- 
foot-wide coal strip is mined in 3 lifts. The first lift is mined 45 feet 
wide and advanced about 400 feet along the toe of the highwall side of the 
pit. The second lift is mined about 32 feet wide and advanced 400 feet or 
even with the face of the first. The third lift mined consists of the coal 
next to the spoil pile. In some areas, where a loop arrangement of roads and 
ramps is not feasible, the third lift is mined in a direction opposite to the 
other lifts to provide minimum truck travel on the clay floor of the pit. 
(See fig. 19.) When the three lifts have been advanced to form an even face 
across the width of the pit, the cycle is repeated until the strip has been 
completely mined out. A 3-cubic-yard, electric-powered loading shovel is 
used that can fill the 20-ton-capacity trucks with 8 passes of the dipper. 


Normally, drilling and blasting are not required to break the coal. In 
winter small areas in the coal occasionally freeze and must be broken by 
blasting. Only five cases of Stripkolex were used for this purpose in the 
winter of 1956. Stripkolex is a low-velocity, water-resistant explosive, 
heavy enough to sink readily. Blast holes are drilled by means of a Cardox 
Corp., portable, gasoline-engine-driven drill, fitted with a flat-pitch coal 
auger 2.5 inches in diameter and tungsten carbide bits. The drillhole pattern 
and blasting procedure are similar to those previously described under Drill- 
ing and Blasting Practice. 


Access to the pit is provided over ramps constructed through the spoil 
pile as mining is advanced away from the preparation plant. Main-haulage 
roads are built with a base course of clay and a top course of gravel. The 
gravel is obtained from deposits in the upper part of the overburden. When 
a large deposit is encountered during stripping, it is mined separately and 
stockpiled beyond and near the pit highwall. A Bucyrus-Erie, Model 32B, 
diesel-powered shovel with a 1.5=-cubic-yard dipper loads the gravel into 
Euclid trucks which transport it to the place of use. The maximum haul from 
the mine pit to the coal-preparation plant and back is about 7 miles. 


Only a small amount of ground water accumulates in the Baukol-Noonan pit. 
Underclay exposed by mining the coal remains relatively dry, providing a good 
road surface. Summer showers and winter snow squalls affect the clay~-surfaced 
roads only slightly. The clay is relatively impervious, and surface water 
rapidly drains to the sumps and is pumped out of the pit. Moisture penetrates 
a few inches below the clay surface during extended storms, forming a slippery 
roadway. The road surface is either allowed to dry naturally, or the thin 
skin of moist, slick clay is scraped to the side by a patrol grader. 


The following equipment is used in mining operations at the Baukol-Noonan 
mine: 
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FIGURE 19. - Baukol-Noonan, Inc., Method of Mining Lignite Coal. 
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Stripping Equipment 


Quantity Description 
1 Walking dragline, 160-foot boom, 10-cubic-yard bucket, 


Model 9W-Monighan, Bucyrus-Erie Co. 


Loading Equipment 


1 Electric loading shovel, 34-foot boom, 3-cubic-yard 
dipper, Model 50-B, Bucyrus-Erie Co. 


1 Diesel loading shovel, 1.5-cubic-yard dipper, Model 32-B, 
Bucyrus-Erie Co. 


Auxiliary Equipment 
Bulldozers, Model D-7, Caterpillar Tractor Co. 


Front-end loader, Payloader, F. G. Hough Co. 
Patrol grader, Model 112, Caterpillar Tractor Co. 
Tractor, Model HD-5, Caterpillar Tractor Co. 


Tractor scraper, Model W-6, International Harvester Co. 


= =| = & & KN 


Portable drill, gasoline motor, Cardox Corp. 


Transportation Equipment 


5 Trucks, 20=ton-capacity, bottom-dump, Model 27-FTD-83W, 
Euclid Div. General Motors Corp. 


1 Truck, 2=-ton-capacity. 
1 Pickup truck, 0.5-ton-capacity 
1 Pickup truck, 0./5-ton-capacity. 


Pumping Equipment 


1 Pump, 2-stage-centrifugal, 1.5-inch-discharge, 15-hp., 
electric motor, Fairbanks-Morse & Co. 


2 Pumps, 2-stage-impeller, 2-inch-discharge, 20-hp., 
Electric motor, McNally-Pittsburgh Mfg. Co. 
2 Pumps, l-stage-impeller, 2-inch-discharge, 20-hp., 


electric motor, McNally-Pittsburgh Mfg. Co. 


1 Pump, centrifugal, 1.5-inch-discharge, l10-hp., gasoline 
motor, Gorman Rupp Co. 


1 Pump, centrifugal, 1.5-inch-discharge, 10-hp., electric 
motor, Gorman Rupp Co. 


2 Pumps, dual-prime-centrifugal, 1.5-inch-discharge, 
7.5-hp., gasoline motor, Construction Machinery Co. 
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When the tipple was built in 1930, it was designed to supply a market for 
plus-2-inch-sizes. The original tipple has been altered from time to time, as 
the market for sized coal has changed. Now, coal prepared at the Baukol-Noonan 
tipple is broadly classified by the operator as domestic (plus-2-inch size) and 
industrial (minus-2-inch size). During the period covered by this report, 30.5 


percent of the coal was prepared for domestic and 69.5 percent for industrial 
use, 


The domestic coal is divided into two classes: (1) Stove and furnace and 
(2) domestic stoker. These sizes constitute 15.7 and 14.8 percent, respec- 
tively, of the total preparation-plant production. Table 4 lists installed 
equipment and horsepower rating of individual driving motors in the tipple. 
Figure 20 gives a schematic flow plan of the tipple. 


TABLE 4, - Equipment units and rated horsepower of motors 
used in crushing, screening, conveying, and 
handling lignite at Baukol-Noonan mine 


Equipment Number Rated hp. 
Primary .crishetis testes 5 cule olsielereleleusinier ab ie) 
Secondary nerusheiseperene nce eieiolaiorcvelcrerelcteleie ls 1 50 
DCTEONS| 5 .usiesnc acteusarretsiews ec ve-aiow iso micieno eicieicneieors il 35 
DOr roueieveietato aie wave ots loses bibiG seotoloboio oustors (ereisloke ous ib ie 
I) Ovatewe:lo'te se voices to Gate cake savokelors iavsietesete\e tore ioiptateists i 5 
Conveyors: 
Be TENG 2c''aits io nocansns tateustetavciove lo cavedstetereccuelnieceietenerohaus 1 15 
DG tate to dete cate g vote xcteds vase ieieusteuwle le veroloiareroereoueke 1 10 
ADLEON SOU PAN. wuske cise leis cree telaletelelelois erate ieietere 1 50 
DOs axa toke is enokeus oteletersieietereronsaesoletoroieroiers Ioloile ioe 1 25 
DO Crea cise roxeie saXelaie otolateteioxsuereielate lols etetee'0 es ioKelis it 10 
Shaina tilti-claitem  jeteholslelsletsiclsietelotels alsin ior ere oie 2 7.2 
LO irweteas fous la lerens ole velote ole 6 ie ietels ole leie e's .0'o wee 1 10 
WGA AAS SIGE A SAIS Oar HOO OOOO 1 15 
Dowetehetatoiolsione eicteletoiakehe oveusisieielovcleialewieeleleiere 1 5 
BI Ciceits Meter Ate toe ike paceicale Kase lovin telce taelaanekeswdetalove ahs 1 15 
WO sais oh fuhoko te letedocobo us. sickens ness is sehe ls Sexo veuet oie ievevonsi ib Tine 
Boxcar loaders and auxiliary equipment ... 1 7.5 
DOs nice janeveke ucteus oreione lone -s anstaretebs “otote sors oketelae 2 5 : 
Rall roadecag tat licul cliaeiseusvalseiisleeieiciee ares i Z 
DOinis adkaia tate teusionsrele ious iolousia cioieXeseiekale 6 Slale. oe ates iL 20 
DO sie cietedocs tountoleieue eo Like o oie Caine ween 4 10 
TOR ail alloca ieee tate Cauninh tance Bisials se leaasttic iets whats 452.5 


Knife River Coal Mining Co. 
Beulah Mine 


one Sie River Coal Mining Co. is a subsidiary of the Montana-Dakota Utili- 

YN. pete Its Beulah mine is about 5 miles north of Beulah, Mercer County, 

x +» and just south of State Highway 7. The property was first exploited 
‘n underground mine opened in the Beulah-Zap coal bed in 1918. Contour 


‘tip mining was begun in 1950, and by 1952 all coal was being mined from 
Pen pits, 
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FIGURE 20. - Flow Plan of Baukol-Noonan, Inc., Lignite Preparation Plant, Noonan, Divide County, N. Dak. 
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The annual production of coal from the Beulah mine for 1952-56 follows: 


Production, 
Year short tons 


1952 COHKCHSHCSCHCEEOESCHHSESHLOHSO LOSES HEEEOS 380 ,408 
1953 CHEECH OCHEHOHSEHEHOOCHECHHESHOHOEH HOES 311,173 
1954 eeoavseeeseeseeoseecesoceeseseeeeeoeoce 333 ,832 
1955 CCECCHHCHCHC EHEC H SC OOHCSCHOOEAOHHOH OH OEE 379,986 
1956 eoeseceevsesceeeeceseseeocoeseeeoe 366,195 


Forty-four men are employed at the Beulah mine, including office and 
supervisory forces. The number employed and job classifications follow: 


Classification Number employed 


Supervisor COHOCHCOLCOCOCOCOESCOCOCHECOCO ROC OCOR OEE EOEE 
Office personnel ccccccccccccccscccccccccce 
Dragline operator .eccccecccccccecccccecccee 
Oo mere eee ee eee re er re ere re ee re 
Loading-shovel operator .ccccsccccccccvecceces 
OLler wcvcccccvcvcccccccesesencsssnecesesere 
Bulldozer operator .ccccccccccecccccecsccccone 
Truckdriver wcccccccccccccccceccccsccecceccs 
Mechanic .ccoccccccaccececvenscesssaccscesce 
Truck maintemanceman .ccccccccccccccccccscce 
Surface, common Laborer .ecccceccccccceccecs 
Tipple operator, car dropper, oiler, etc. .. 


NWP DD Ue & FH D DH WwW 


- 


The preparation plant was operated for 228 shifts during the report 
period; the fiscal year ended June 30, 1956. A total of 366,195 tons of 
coal was produced during the period, an average of about 1,600 tons per 8- 
hour shift. 


The thickness of overburden ranges from 30 to 65 feet and averages about 
45 feet. The thickest overburden occurs at the west end of the property. A 
blue-gray clay usually occurs immediately above the Beulah-Zap coal bed. In 
places, erosion has removed the clay bed, and younger glacial deposits now 
lie unconformably upon the coal. Where the clay is not eroded, underlying 
coal is of good quality; however, beneath the glacial till the coal usually 
is weathered at the top and often through its entire thickness. In some places 
the coal bed has been eroded away entirely. A layer of sandstone concretions 
occurs about 15 feet below the surface in the west pit. In places the concre- 
tions are only a few inches in diameter; in others, they may be several feet in 
diameter and several hundred feet in length. This hard material is drilled and 
blasted so that it can be moved easily with the dragline. 


The coal bed is 12 to 18 feet thick and dissected by tributary streams of 
the Knife River. Locally, the bed is in an elongated spur hill that trends 
southerly. Coal outcrops around the hill, and the two contour strip pits 
have been developed along the west and east edges of the deposit. Each of 
these pits is about 0.75 mile long. 
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The overburden is stripped with a Bucyrus-Erie Monighan walking dragline 
(Model 7W), equipped with a 160-foot boom and a 6-cubic~-yard bucket. It is 
removed in a 100-foot-wide strip in 2 steps. First, a key cut, 25 feet wide 
or more, is dug to the surface of the lignite bed to develop the highwall of 
the new contour strip pit. The highwall is established at al to 3 slope. 
The dragline is operated from the undisturbed surface, and the bucket is 
pulled in the direction toward which the pit is being advanced. From this 
position a direct pull can be applied to the bucket to dig the comparatively 
solid overburden without blasting it first. Waste from the key cut is spilled 
into the mined-out area to form a small pile along the side of the coal to be 
stripped. 


The second step is to remove the 75-foot-wide spur of overburden remain- 
ing between the key cut and the mined-out strip.in the same way as the first 
cut was developed with the dragline operating from the spur of overburden 
being removed. However, in this operation the waste can be cast over and 
behind the small spoil pile derived from the key cut. This spoil pile is 
built up until the slope facing the pit merges with that of the first pile. 

An advantage to building the spoil pile in two stages is that the initial pile 

from the key cut can settle before the spoil from the second cut is cast behind 
and onto it; thus, it stabilizes the whole mass and helps to prevent the spoil 

from sliding to the stripped lignite surface. 


As at all mines, the pits are laid out to take advantage of outside 
curves. Straight-line pits are acceptable, but the ideal plan includes as 
many outside curves as the topography will allow so that maximum space for 
spoil is provided. 


The coal is broken for loading by blasting. Drilling is done with a com- 
pany-made drill, powered by a gasoline-driven motor. A 2-inch-diameter coal 
auger fitted with "Master" throwaway drill bits is used. Lump Coal C, a per- 
missible explosive, detonated by electric delay blasting caps fired by a 
blasting machine, is used to break the coal. The square-drill-hole pattern 
and blasting procedure have been described previously. 


The end-dump trucks used at the Beulah mine are loaded and operated while 
they are on a coal-berm road along the strip being mined. (See fig. 7.) Each 
pit has 4 access ramps, 1,300 feet apart - 1 at each end and 2 between these 
end ramps. The ramps at the east pit cut through the highwall side of the pit 
to shorten the haul, and the ramps at the west pit cut through the spoil pile. 


Ramps and main-haulage roads to the preparation plant are surfaced with a 
mixture of about 1 part raw clay and 3 parts natural-burned clay (scoria), 
which occurs extensively in the area. The maximum round-trip haul between the 
mine and the tipple adjacent to the powerplant at the east edge of Beulah is 
7.5 miles. 


Because the coal bed mined at Beulah is within a narrow spur, which is 
well drained by natural draws, ground water is not a problem. Surface water 
is adequately intercepted by dikes and ditches, and the small runoff that 
flows into the pit is pumped out easily. 
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The following equipment is used at the Beulah mine: 


Quantity Description 
1k 


Walking dragline, 160-foot boom, 6-cubic-yard bucket, 
Model 7W-Monighan, Bucyrus-Erie Co. 


Heading Equipment 


I Loading shovel, 60-foot boom, 3./5-cubic-yard dipper, 
Model PH-1400, Harnischfeger Corp. 
Auxiliary Equipment 
1 Front-end scoop loader, Frank S. Hough Co. 
1 Bulldozer and scraper, Model TD-24, International 
Harvester Co. 
1 Patrol grader, Model 12, Caterpillar Tractor Co. 
1 Mobile compressor, Ingersol~Rand Co. 
1 Jackhammer, Ingersol-Rand Co. 
transportation Equipment 
6 Trucks, 20-ton-capacity end-dump, 200-hp., Cummings 
diesel, Mack Truck, Inc. 
Fumping Equipment 
L Pump, 3-inch-centrifugal, gasoline-motor, Gorman Rupp Co. 
l Pump, 6- by 6-inch-piston, 3-inch-discharge, electric 
motor, Gould Co. 
l Pump, 5- by 5-inch-piston, 2-1/2-inch-discharge, electric 
motor, Gould Co. 
1 Pump, centrifugal, 4-inch-discharge, electric motor. 
1 


Pump, portable-centrifugal, 1-1/2-inch-discharge, 
gasoline motor, Gorman Rupp Co. 


mer the Noonan mine the tipple was originally designed to supply a 

and ot argely domestic. Picking tables were provided to remove the bony coal 

RL ae impurities peculiar to the Beulah-Zap bed. The original tipple has 

Table ee as necessary to provide for increasing industrial-size capacity. 

moto lists installed equipment and horsepower rating of individual driving 
ee pathe tipple. Figure 21 gives a schematic flow plan of the tipple. 
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FIGURE 21. - Knife River Coal Mining Co., Lignite Preparation Plant Flow Plan, Beulah, Mercer County, N. Dak. 
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TABLE 5. - Equipment units and rated horsepower of motors used 
in crushing, screening, conveying, and handling 
lignite at Beulah mine 


Equipment | Number | Rated hp. 


Primary crushers .cccccccccccccccesccccccs 1 60 
Secondary crushers .ccccccccccccscccccccce 1 75 
DO wcccccccccccccccccccccccccsescocs 1 60 
SCTEENS cccccccccccccccccsccescccsccececes 1 10 
DO. cccscccrcccccscccvscssscccecee 1 20 
DO. ccccccccccccvccccccvsccccceces 1 2 
Conveyors: 
Belt @®eo00a20e020200020860@00086000000000000080080868800680 l 15 
DG a¥o 66566 6S SHO Ale 5 OSS 3 5 
Apron OF PAM ccccecveeesecscececvceescecscce 1 7.9 
DOs e457 65's ee ww 0 40w 56 610 we 6 wie ee acere 2 5 
Chaineflight .cccccccccressccesevessece 2 20 
DO 66 6.6.6 06b 1b 0 00 6000 eS 8 SSS Oe 4 5 
DO 6d BG wie oOo 6 6 we 10h we ww Se ee l 3 
Boxcar loaders and auxiliary equipment ... 2 5 
TOtal. dij oisieiins a noteistarcitigidedeiteweweew 222... 340 


Truax-Traer Coal Co. 


The Truax-Traer Coal Co. began operations in North Dakota in 1927 by 
purchasing the Kincaid mine. Four mines are now operated by the company in 
the lignite district in conjunction with Larger operations in Eastern coal- 
fields. Mining practices at each lignite mine are described. General super- 
vision, management, and sales functions of the four North Dakota mines are 
centralized at a general office in Minot, N. Dak. 


Custer Mine 


The Custer mine was opened in 1946 in the Garrison Creek coal bed. It 
is about 6 miles east of Garrison, McLean County, N. Dak., and near the junc- 
tion of U. S. Route 83 and State Highway 37. The mine is served by the 
Minneapolis, St. Paul & Sault Ste. Marie Railroad (Soo Line). The Custer mine 
was closed when it was visited in the summer of 1956, and complete mine data 
were not obtained. Less demand for industrial lignite by powerplants, a re- 
sult of hydroelectric-power production at Garrison Dam, Riverdale, N. Dak., 
was primarily responsible for its closing. It is planned to reopen the mine 
when the demand for coal warrants it. 


Twenty men were employed at the Custer mine when it was operated. Their 
duties and work schedules were similar to those of the Dakota Star mine, 
described Later. 


Daily coal production ranged from 700 to 1,800 tons. The average daily 


production for the report period (May 1955 through March 1956) was about 
1,000 tons. The annual production from the mine for 1952 through 1956 follows: 
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Year Production, short tons 
1952 ©e@e@e@e0e0e028e2000868000808080000000080880 6 299,822 
LDS: isibrece soe owe w 6.c50 bee eee ew eae ee 241,742 
1954 ee@eee0aeeoe1e050ueoaunu0venwveov8se00e20e00080608086068080 287,717 
ODD. wie seve: wile tareve aise We e1e wetereeiewes 185,159 
1956 e@eoeeeoe0e20aee@egec8cegeeaegdpeseaw~osgeoaneea1eseoeeede ee @ 183 ,504 


The overburden at the Custer mine is 40 to 60 feet thick. It is pre- 
dominantly argillaceous material containing inclusions of sandstone and 1 or 
2 thin riders of lignite. Glacial sands, gravels, and boulders occur in the 
upper part of the overburden, covered by a thin mantle of soil. 


Overburden is removed with a Marion 360 electric-powered shovel with a 
10-cubic-yard bucket. A TX=-310 Tower excavator was used for a time in the 
area of thickest overburden to remove the top 20 feet in a two-unit operation. 
In the declining market the two-unit operation was suspended and the area of 
minimum overburden exploited. The two-unit operation is described in detail 
later in this report when the Velva mine is discussed. 


The coal bed is 5 to 6 feet thick and generally more firmly compacted 
than the lignite at other producing mines. In this area the coal beds are 
also aquifers. In winter freezing of water in the coal beds adds to the need 
for blasting for efficient loading. Drilling and blasting methods commonly 
used have been described previously. 


Water is not plentiful at this mine, although it must be pumped continu- 
ously for about 8 months of the year. In winter, freezing generally lessens 
flow of mine water, and short periods of pumping are sufficient to control it. 


Pit access ramps are constructed through the highwall at intervals of 
about 1,500 feet for the most direct haulage route to the tipple. A coal=-berm 
road along the highwall side of the pit is provided to assure a dry haulage 
road above the pit bottom. Main and secondary haulage roads are surfaced with 
gravel from nearby large deposits. The maximum round-trip haul between the 
mine and the tipple is about 5 miles. 


The following equipment was used in mining operations at the Custer mine: 


Stripping Equipment 


Quantity Description 
1 Revolving stripping shovel, l0-cubic-yard dipper, 


Model 360, Marion Power Shovel Co. 


1 Tower excavator, 13-cubic-yard bucket, Model TX-310, 
Bucyrus-Erie Co. 


Loading Equipment 


1 Loading shovel, 3-1/2-cubic-yard dipper, Model 50=-B, 
Bucyrus~-Erie Co. 
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Auxiliary Equipment 


Quantity Description 
1 Bulldozer (scraper loader) , Model D-8, Caterpillar 
Tractor Co. 
1 Patrol, Model 12, Caterpillar Tractor Co. 
1 Front-end loader, Frank S. Hough Co. 
1 Truck, 5-ton capacity, Autocar Co. 


Transportation Equipment 


5 Trucks, 20<-ton-capacity, bottom-dump, Model 27- 
FID-83W, Euclid Div. General Motors Corp. 


Pumping Equipment 


4 Pumps, 3-inch-centrifugal, 20-hp., electric-motor-drive, 
220-volt, 3=-phase, Allis Chalmers Mfg. Co. and Gorman 
Rupp Co. 


Revision and rearrangement of the existing tipple are contemplated to 
meet current changes in consumer demand. 


Dakota Star Mine 
The Dakota Star mine is about 4 miles north and 0.5 mile west, by road, 
from Hazen, Mercer County, N. Dak. This mine, served by the Northern Pacific 
Railroad, was opened in 1944 in the Beulah=<Zap coal bed. 


The annual production from the Dakota Star mine for 1952-56 follows: 


Year Production, short tons 
1952 eeeeeoeedceeodce@a#tcedc@~eeesenvdedesoe so 445,787 
1953 e@eeeoeodceeseeoeoeeseovodceseawseeeoceseegces © 397,261 
1954 eeeeceoeoeoeoanveacdcedceaeeeoedegeoeseodceedqges 336,880 
1955 eeoeoeoea ea ea oeoeeoeseeoe@eaeeeoeeoeeanoev@edcdcded @e 320 ,153 
1956 ®e@eeoeeeoeeeeaeese@eaenesn,e00e20e00e00e008080080888080 310 , 964 


Twenty-one men are employed at the mine, including office and supervi- 
sory personnel. The production force of 17 men works full time, and their 
work is distributed between loading coal and stripping overburden, depending 
on demand for coal. The following schedule shows how the men are employed 
when the tipple is operated and when it is idle: 
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Tipple operating Tipple Idle 

Electrician - l Electrician - l 

Tipplemen - 7 Tipplemen (cleaning and repairing) - 3 
Euclid-truck operators - 7 Repairmen (in shop) = 2 

Shovel operator - l Stripping (shovel and dragline 

Oiler - l operators, oilers, patrol, 


bulldozer operators) - 9 
Drilling and blasting workers - 2 


The daily production averages 2,600 tons of coal but ranges from 2,300 
to 2,900 tons. If the mine were manned and operated at full capacity, over 
3,000 tons of coal could be produced daily. 


Coal is prospected for in advance of existing mine workings by company 
employees using the rotary drill. As at other mines, coal reserves equal to 
2 to 4 years of mine production are blocked out by drilling. 


Overburden in the north area of the mine has an average thickness of 30 
feet and in the southwest area, 40 feet. It consists of argillaceous material 
covered by a thin mantle of glacial till. In some places a rider of lignite 
occurs about 10 feet below the surface. Sandstone lenses 3 to 6 feet thick 
and 15 to 30 feet long occur in the upper part of the overburden in the 
southwest area. 


The overburden covering the northern part of the mine is stripped by a 
Bucyrus-Erie, Model 200W, dragline with a 110-foot boom and a 6-yard bucket. 
In the southwestern part it is removed by a Bucyrus~-Erie, Model 320-B, shovel 
with a 90-foot boom, 62-foot dipper handle, and 10-cubic-yard bucket. Where 
the overburden is more than 40 feet thick, it is removed by a combined opera- 
tion in which the dragline is followed by the stripping shovel (See figs. 22 
and 23.) 


The dragline, operating from the highwall on top of the overburden, re- 
moves the top 20 feet of overburden and casts it into the mined-out area. 
The rest of the overburden is then stripped by the shovel operating from 
the uncovered coal bed, casting behind the spoil pile built by the dragline. 
The bottom of the pit is initially excavated about 80 feet wide. Twenty feet 
of the exposed lignite is used as a haul road for trucks; the remaining 60 
feet of the first strip uncovered is mined. Subsequent strips are established 
by removing the overburden over widths of 60 feet. Where the overburden is 
relatively thin - about 30 feet thick in the northern part and 40 feet thick 
in the southwestern part of the mine - a 90-foot-wide strip of lignite can be 
uncovered with existing equipment. The 70-foot-wide strip to be mined is then 
removed in 2 lifts. 


The thickness of the coal bed ranges from 10 to 14 feet, averaging 12 
feet. The thin rider of weathered lignite called leonardite, about 20 feet 
above the main lignite bed, is wasted with the overburden. Figure 5 shows its 
position in relation to the main bed. There is evidence of water drainage from 
the thin coal seam and down the highwall face of the pit. 
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FIGURE 22. - Plan for Removing Overburden With Dragline and Shovel, Stripping in Tandem 
at Truax-Traer Coal Co. Dakota Star Mine Near Hazen, N. Dak. 
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TABLE 3. - Distribution of direct mining costs ercent=/ 


Labor Supervision including power Total 


Stripping coeececesesen 52 6 42 100 
Loading wccccccsccccsece 58 3 39 100 
Hauling eoeeesceeeceees 57 4 39 100 
Preparation wceccccccee 60 9 31 100 
AVETAZE .ccocccscccccces 56 6 38 100 


1/ Distribution prepared from cost data of 4 mines. 


Forty-one men, including 2 supervisors, are employed at the Baukol-Noonan 
mine. Distribution of the employees among the various job classifications 
follows: 


Classification Number employed 
Supervisor CoeeeeeeeeeCeeseeeseEeSeTceseeoseoeoEeS®S 2 
Dragline and shovel operator Coececeeeeeeevoececos 6 
OLLOL: 6s 6hw 4.60065 6 eorh Ww Wao ose oo ieee ee ah ees 6 
Bulldozer operator ..ccccccccccccscccacsersesece 1 
Euclid truckdriver ecoeeceececcceceeeesnesceseocoseces 5 
Tractor operator POOHCCHCOCH OCHO EC OOO ESOC OH OOO EOE OSEOE 1 
Patrol operator eoeoeeeoenececeeseeeceneeeeoeeseeceseose 1 
Electrician and mechanic CORP CCH COCO EO OOOO CL OOES 4 
Tipple EOLVCMAN: 6:6: 6:5:4.6:6 0515 05 0 666 OS Oe Ries wees ee 1 
Tippleman, car dropper, common laborer ....c.e. 14 


About 2,000 tons of coal is produced from the mine per 8-hour shift - 
equal to the tipple capacity of 250 tons per hour. 


Contour strip mining has always been practiced at the Baukol-Noonan pit. 
Before 1945 a lignite-burning steam shovel was used to remove overburden. 
Since then an electric-powered dragline has been used. The track~haulage 
system from the pit to the preparation plant was replaced in 1949 by truck 
haulage. 


Overburden consists chiefly of blue-gray to brownish-yellow argillaceous 
material containing sand lenses overlain by glacial till. 


Two coal beds occur in the Fort Union formation near the Baukol-Noonan 
mine. The upper bed (10 to 40 feet below the surface) is lenticular and ranges 
in thickness from a few inches to as much as 3 feet. About 50 percent of this 
bed is weathered to a material locally called slack (more recently called 
leonardite). A small percentage of the slack has been mined and sold for mix- 
ing with drilling mud. Where it is 2 or more feet thick and not weathered, 
coal in the upper bed is mined for marketing. About 30 feet of material, pre- 
dominantly blue~gray clay with sandstone lenses in the upper part, separates 
the lower and upper coal beds. Thickness of the lower coal bed averages 7 feet. 


At times, about 2 feet above the bottom, a clay parting occurs that ranges 
in thickness from a few inches to as much as 1 foot. Below the lower lignite 
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bed is a bed of light-gray clay 6 to 10 feet thick. This clay is exploited as 
lightweight aggregate after being bloated in a rotary kiln. 


About 10 prospect holes are drilled each year in advance of the mine work- 
ings. This program generally blocks out reserves that about equal the annual 
Production, Drilling is done with churn drills, and coal samples are obtained 
by drive piping. Local well-drilling contractors are hired to drill at a rate 


of $1.75 per foot of hole. Figure 17 is a map of the mine and prospect-drill 
Pattern, 


Overburden is stripped with a Bucyrus-Erie, Monighan Model 9-W, walking 
dragline equipped with a 160-foot boom and a 10-cubic-yard bucket. Supported 
by a flat tub of considerable area, the walking dragline can operate safely on 
Soft ground near coulees and on unconsolidated spoil piles. It may also be 
moved with ease on the paddle feet, which are of comparable area. 


When both beds are recovered, the ratio of overburden to coal for the 
"Pper bed is 10 and to the lower bed 3. The stripping ratio in recovering 
only the lower bed is about 8. The dragline is operated initially from the 
top of the overburden on the highwall side of the pit. (See fig. 18.) 
Material above the top lignite bed is excavated toward the machine in the 
direction of the pit advance and parallel to the mined-out strip pit. The 
width of the excavation is about 110 feet. Spoil is cast into the area from 
which lignite has been mined in the adjacent strip. If the upper lignite bed 
18 of good quality and recoverable, the first cut is made to the top of the 
Coal, If not, the coal is spoiled with the waste rock. The dragline is ad- 
ieee -verel hundred ceee fon hia bench tor esimieh asia thousand feet. It 
is then moved down a ramp, cut in the overburden by a bulldozer, and graded by 
@ Patrol to the top of the bench developed by the first phase of stripping. 


In the second position a key cut or slot is made to establish alinement 
of the highwall parallel to the mined-out strip and to provide a starting point 
for the final operation. The key cut is dug about 10 feet wide at the bottom 
on 5 feet or more wide at the top, depending on the depth of overburden, 
Poil from this second or key cut is cast behind the first pile toward the 
Spoil from the previously mined strip. The spoil from these two cuts is then 
leveled by bulldozer and patrol grader for the third and last position of the 
“ragline in the stripping operation. Smooth and relatively firm access ramps 

st be provided for the dragline to avoid upsetting it. 


d The third and last cut is made by dropping the bucket in the key cut, 
bee it across the width of remaining overburden, and casting the spoil 
nd th 


co € dragline and on the leveled spoil piles. Close supervision and 
°rdination are required to keep movements of the dragline to a minimm., 


oe Most highwalls are dug on al to 3 slope. To insure stability, where 
ould ren consists chiefly of loosely consolidated sands, gravels, and 
of See the Slope must be maintained at 1 to 2 or less. The angle of repose 
agence averages about 38°. The volume of material stripped from the 

s 


estimated by the operators to increase about 20 percent when spoiled. 
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FIGURE 17. - Map of Baukol-Noonan, Inc., Open-Pit Lignite Mine Near Noonan, Divide County, N. Dak. 
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FIGURE 18. - Baukol-Noonan, Inc., Method of Strip Mining Two Lignite Coal Beds 
by Walking Dragline. 
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All stripped coal can be loaded without using a coal-berm roadway, as 
ground water is not present in appreciable amounts at this mine. The 110- 
foot-wide coal strip is mined in 3 lifts. The first lift is mined 45 feet 
wide and advanced about 400 feet along the toe of the highwall side of the 
pit. The second lift is mined about 32 feet wide and advanced 400 feet or 
even with the face of the first. The third lift mined consists of the coal 
next to the spoil pile. In some areas, where a loop arrangement of roads and 
ramps is not feasible, the third lift is mined in a direction opposite to the 
other lifts to provide minimum truck travel on the clay floor of the pit. 
(See fig. 19.) When the three lifts have been advanced to form an even face 
across the width of the pit, the cycle is repeated until the strip has been 
completely mined out. A 3-cubic-yard, electric-powered loading shovel is 
used that can fill the 20-ton-capacity trucks with 8 passes of the dipper. 


Normally, drilling and blasting are not required to break the coal. In 
winter small areas in the coal occasionally freeze and must be broken by 
blasting. Only five cases of Stripkolex were used for this purpose in the 
winter of 1956. Stripkolex is a low-velocity, water-resistant explosive, 
heavy enough to sink readily. Blast holes are drilled by means of a Cardox 
Corp., portable, gasoline-engine-driven drill, fitted with a flat-pitch coal 
auger 2.5 inches in diameter and tungsten carbide bits. The drillhole pattern 
and blasting procedure are similar to those previously described under Drill- 
ing and Blasting Practice. 


Access to the pit is provided over ramps constructed through the spoil 
pile as mining is advanced away from the preparation plant. Main-haulage 
roads are built with a base course of clay and a top course of gravel. The 
gravel is obtained from deposits in the upper part of the overburden. When 
a large deposit is encountered during stripping, it is mined separately and 
stockpiled beyond and near the pit highwall. A Bucyrus~-Erie, Model 32B, 
diesel-powered shovel with a 1.5-cubic-yard dipper loads the gravel into 
Euclid trucks which transport it to the place of use. The maximum haul from 
the mine pit to the coal-preparation plant and back is about 7 miles. 


Only a small amount of ground water accumulates in the Baukol-Noonan pit. 
Underclay exposed by mining the coal remains relatively dry, providing a good 
road surface. Summer showers and winter snow squalls affect the clay-surfaced 
roads only slightly. The clay is relatively impervious, and surface water 
rapidly drains to the sumps and is pumped out of the pit. Moisture penetrates 
a few inches below the clay surface during extended storms, forming a slippery 
roadway. The road surface is either allowed to dry naturally, or the thin 
skin of moist, slick clay is scraped to the side by a patrol grader. 


The following equipment is used in mining operations at the Baukol-Noonan 
mine: 
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FIGURE 19. - Baukol-Noonan, Inc., Method of Mining Lignite Coal. 
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Stripping Equipment 


Quantity Description 
1 Walking dragline, 160-foot boom, 10-cubic-yard bucket, 


Model 9W-Monighan, Bucyrus-Erie Co. 


Loading Equipment 


1 Electric loading shovel, 34-foot boom, 3=-cubic-yard 
dipper, Model 50-B, Bucyrus-Erie Co. 


1 Diesel loading shovel, 1.5-cubic-yard dipper, Model 32=-B, 
Bucyrus-Erie Co. 


Auxiliary Equipment 
Bulldozers, Model D-7, Caterpillar Tractor Co. 


Front-end loader, Payloader, F. G. Hough Co. 
Patrol grader, Model 112, Caterpillar Tractor Co. 
Tractor, Model HD-5, Caterpillar Tractor Co. 


Tractor scraper, Model W-6, International Harvester Co. 


= &— FF FF FF LN 


Portable drill, gasoline motor, Cardox Corp. 


Transportation Equipment 


5 Trucks, 20-ton-capacity, bottom-dump, Model 27-FID-83W, 
Euclid Div. General Motors Corp. 


1 Truck, 2=-ton-capacity. 
1 Pickup truck, 0.5-ton=-capacity 
1 Pickup truck, 0./5-ton-capacity. 


Pumping Equipment 


1 Pump, 2=-stage-centrifugal, 1.5-inch-discharge, 15-hp., 
electric motor, Fairbanks-Morse & Co. 


2 Pumps, 2-stage-impeller, 2-inch-discharge, 20-hp., 
Electric motor, McNally-Pittsburgh Mfg. Co. 
2 Pumps, l-stage-impeller, 2-inch-discharge, 20-hp., 


electric motor, McNally-Pittsburgh Mfg. Co. 


1 Pump, centrifugal, 1.5-inch-discharge, 10-hp., gasoline 
motor, Gorman Rupp Co. 


1 Pump, centrifugal, 1.5-inch-discharge, l10-hp., electric 
motor, Gorman Rupp Co. 


2 Pumps, dual-prime~-centrifugal, 1.5-inch-discharge, 
7.5-hp., gasoline motor, Construction Machinery Co. 
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When the tipple was built in 1930, it was designed to supply a market for 
plus-2-inch-sizes. The original tipple has been altered from time to time, as 
the market for sized coal has changed. Now, coal prepared at the Baukol-Noonan 
tipple is broadly classified by the operator as domestic (plus-2-inch size) and 
industrial (minus-2-inch size). During the period covered by this report, 30.5 


percent of the coal was prepared for domestic and 69.5 percent for industrial 
use, 


The domestic coal is divided into two classes: (1) Stove and furnace and 
(2) domestic stoker. These sizes constitute 15.7 and 14.8 percent, respec- 
tively, of the total preparation-plant production. Table 4 lists installed 
equipment and horsepower rating of individual driving motors in the tipple. 
Figure 20 gives a schematic flow plan of the tipple. 


TABLE 4, - Equipment units and rated horsepower of motors 
used in crushing, screening, conveying, and 
handling lignite at Baukol-Noonan mine 


Equipment Number Rated hp. 
Primary .crishetis testes 5 cule olsielereleleusinier ab ie) 
Secondary nerusheiseperene nce eieiolaiorcvelcrerelcteleie ls 1 50 
DCTEONS| 5 .usiesnc acteusarretsiews ec ve-aiow iso micieno eicieicneieors il 35 
DOr roueieveietato aie wave ots loses bibiG seotoloboio oustors (ereisloke ous ib ie 
I) Ovatewe:lo'te se voices to Gate cake savokelors iavsietesete\e tore ioiptateists i 5 
Conveyors: 
Be TENG 2c''aits io nocansns tateustetavciove lo cavedstetereccuelnieceietenerohaus 1 15 
DG tate to dete cate g vote xcteds vase ieieusteuwle le veroloiareroereoueke 1 10 
ADLEON SOU PAN. wuske cise leis cree telaletelelelois erate ieietere 1 50 
DOs axa toke is enokeus oteletersieietereronsaesoletoroieroiers Ioloile ioe 1 25 
DO Crea cise roxeie saXelaie otolateteioxsuereielate lols etetee'0 es ioKelis it 10 
Shaina tilti-claitem  jeteholslelsletsiclsietelotels alsin ior ere oie 2 7.2 
LO irweteas fous la lerens ole velote ole 6 ie ietels ole leie e's .0'o wee 1 10 
WGA AAS SIGE A SAIS Oar HOO OOOO 1 15 
Dowetehetatoiolsione eicteletoiakehe oveusisieielovcleialewieeleleiere 1 5 
BI Ciceits Meter Ate toe ike paceicale Kase lovin telce taelaanekeswdetalove ahs 1 15 
WO sais oh fuhoko te letedocobo us. sickens ness is sehe ls Sexo veuet oie ievevonsi ib Tine 
Boxcar loaders and auxiliary equipment ... 1 7.5 
DOs nice janeveke ucteus oreione lone -s anstaretebs “otote sors oketelae 2 5 : 
Rall roadecag tat licul cliaeiseusvalseiisleeieiciee ares i Z 
DOinis adkaia tate teusionsrele ious iolousia cioieXeseiekale 6 Slale. oe ates iL 20 
DO sie cietedocs tountoleieue eo Like o oie Caine ween 4 10 
TOR ail alloca ieee tate Cauninh tance Bisials se leaasttic iets whats 452.5 


Knife River Coal Mining Co. 
Beulah Mine 


one Sie River Coal Mining Co. is a subsidiary of the Montana-Dakota Utili- 

YN. pete Its Beulah mine is about 5 miles north of Beulah, Mercer County, 

x +» and just south of State Highway 7. The property was first exploited 
‘n underground mine opened in the Beulah-Zap coal bed in 1918. Contour 


‘tip mining was begun in 1950, and by 1952 all coal was being mined from 
Pen pits, 
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FIGURE 20. - Flow Plan of Baukol-Noonan, Inc., Lignite Preparation Plant, Noonan, Divide County, N. Dak. 
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The annual production of coal from the Beulah mine for 1952-56 follows: 


Production, 
Year short tons _ 


1952 eeeaeeuevucdce0eneoeneoeoeeee080eee07e0e 8 eee ee ee @ 6 380 ,408 
1953 eeuaeegceaeeaeeaeosvueaoevueeaeeonoesvneneanoeeneane0eene 8©eee@ 311,173 
1954 e@eeseoeoeaeuesoeoenaeeneoenecoeanoeoe e808 008 0866 @ 333 ,832 
1955 e®eeeoeecevaeaevneeeeevneeocogcegoeeeoeoen eee eeoene 379,986 
1956 e@eeaoaoaoagvue2e00e0eg2e20020e2008000000000680860680 366,195 


Forty-four men are employed at the Beulah mine, including office and 
supervisory forces. The number employed and job classifications follow: 


Classification Number employed 
Supervisor CHOSHSHCOCHOHOOCOCOHCEHOOOCEOCACOE OR OOEEEEOCESD 3 
Office personnel .cccccccccccccccccccccccece 3 
Dragline Operator .eccccccvccccccccccsvceoes 3 
OLLGE: 6 a0 6 eisie-s as 004; 6 eles 00-06 ee es 666 60a ees 3 
Loading-shovel operator .ccccccceccccrcccece 1 
Cat woererrer re rT rer re eee ee re ee ee ee eee 1 
Bulldozer operator .ccccccrcccccccccceccseces 1 
Truckdriver .cscccnscccccvsccccevescceseases bo) 
Mechanic CCOCCHOCHC OHO HOOCOHEEOHOHE HCOOH HR OOH ROO OBECL®E 2 
Truck maintenanceman .cccccccecccccccccccoce 2 
Surface, common laborer ..ccccccccccvccccvce 3 
Tipple operator, car dropper, oiler, etc. .. 17 


The preparation plant was operated for 228 shifts during the report 
period; the fiscal year ended June 30, 1956. A total of 366,195 tons of 
coal was produced during the period, an average of about 1,600 tons per 8- 
hour shift. 


The thickness of overburden ranges from 30 to 65 feet and averages about 
45 feet. The thickest overburden occurs at the west end of the property. A 
blue-gray clay usually occurs immediately above the Beulah-Zap coal bed. In 
places, erosion has removed the clay bed, and younger glacial deposits now 
lie unconformably upon the coal. Where the clay is not eroded, underlying 
coal is of good quality; however, beneath the glacial till the coal usually 
is weathered at the top and often through its entire thickness. In some places 
the coal bed has been eroded away entirely. A layer of sandstone concretions 
occurs about 15 feet below the surface in the west pit. In places the concre- 
tions are only a few inches in diameter; in others, they may be several feet in 
diameter and several hundred feet in length. This hard material is drilled and 
blasted so that it can be moved easily with the dragline. 


The coal bed is 12 to 18 feet thick and dissected by tributary streams of 
the Knife River. Locally, the bed is in an elongated spur hill that trends 
southerly. Coal outcrops around the hill, and the two contour strip pits 
have been developed along the west and east edges of the deposit. Each of 
these pits is about 0.75 mile long. 
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The overburden is stripped with a Bucyrus-Erie Monighan walking dragline 
(Model 7W), equipped with a 160-foot boom and a 6-cubic-yard bucket. It is 
removed in a 100-foot-wide strip in 2 steps. First, a key cut, 25 feet wide 
or more, is dug to the surface of the lignite bed to develop the highwall of 
the new contour strip pit. The highwall is established at al to 3 slope. 
The dragline is operated from the undisturbed surface, and the bucket is 
pulled in the direction toward which the pit is being advanced. From this 
position a direct pull can be applied to the bucket to dig the comparatively 
solid overburden without blasting it first. Waste from the key cut is spilled 
into the mined-out area to form a small pile along the side of the coal to be 
stripped. 


The second step is to remove the 75-foot-wide spur of overburden remain- 
ing between the key cut and the mined-out strip.in the same way as the first 
cut was developed with the dragline operating from the spur of overburden 
being removed. However, in this operation the waste can be cast over and 
behind the small spoil pile derived from the key cut. This spoil pile is 
built up until the slope facing the pit merges with that of the first pile. 

An advantage to building the spoil pile in two stages is that the initial pile 
from the key cut can settle before the spoil from the second cut is cast behind 
and onto it; thus, it stabilizes the whole mass and helps to prevent the spoil 
from sliding to the stripped lignite surface. 


As at all mines, the pits are laid out to take advantage of outside 
curves. Straight-line pits are acceptable, but the ideal plan includes as 
many outside curves as the topography will allow so that maximum space for 
spoil is provided. 


The coal is broken for loading by blasting. Drilling is done with a com- 
pany-made drill, powered by a gasoline-driven motor. A 2-inch-diameter coal 
auger fitted with "Master" throwaway drill bits is used. Lump Coal C, a per- 
missible explosive, detonated by electric delay blasting caps fired by a 
blasting machine, is used to break the coal. The square-drill-hole pattern 
and blasting procedure have been described previously. 


The end-dump trucks used at the Beulah mine are loaded and operated while 
they are on a coal-berm road along the strip being mined. (See fig. 7.) Each 
pit has 4 access ramps, 1,300 feet apart - 1 at each end and 2 between these 
end ramps. The ramps at the east pit cut through the highwall side of the pit 
to shorten the haul, and the ramps at the west pit cut through the spoil pile. 


Ramps and main-haulage roads to the preparation plant are surfaced with a 
mixture of about 1 part raw clay and 3 parts natural-burned clay (scoria), 
which occurs extensively in the area. The maximum round-trip haul between the 
mine and the tipple adjacent to the powerplant at the east edge of Beulah is 
7.5 miles. 


Because the coal bed mined at Beulah is within a narrow spur, which is 
well drained by natural draws, ground water is not a problem. Surface water 
is adequately intercepted by dikes and ditches, and the small runoff that 
flows into the pit is pumped out easily. 
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The following equipment is used at the Beulah mine: 


Quantity Description 
1k 


Walking dragline, 160-foot boom, 6-cubic-yard bucket, 
Model 7W-Monighan, Bucyrus-Erie Co. 


Heading Equipment 


I Loading shovel, 60-foot boom, 3./5-cubic-yard dipper, 
Model PH-1400, Harnischfeger Corp. 
Auxiliary Equipment 
1 Front-end scoop loader, Frank S. Hough Co. 
1 Bulldozer and scraper, Model TD-24, International 
Harvester Co. 
1 Patrol grader, Model 12, Caterpillar Tractor Co. 
1 Mobile compressor, Ingersol~Rand Co. 
1 Jackhammer, Ingersol-Rand Co. 
transportation Equipment 
6 Trucks, 20-ton-capacity end-dump, 200-hp., Cummings 
diesel, Mack Truck, Inc. 
Fumping Equipment 
L Pump, 3-inch-centrifugal, gasoline-motor, Gorman Rupp Co. 
l Pump, 6- by 6-inch-piston, 3-inch-discharge, electric 
motor, Gould Co. 
l Pump, 5- by 5-inch-piston, 2-1/2-inch-discharge, electric 
motor, Gould Co. 
1 Pump, centrifugal, 4-inch-discharge, electric motor. 
1 


Pump, portable-centrifugal, 1-1/2-inch-discharge, 
gasoline motor, Gorman Rupp Co. 


mer the Noonan mine the tipple was originally designed to supply a 

and ot argely domestic. Picking tables were provided to remove the bony coal 

RL ae impurities peculiar to the Beulah-Zap bed. The original tipple has 

Table ee as necessary to provide for increasing industrial-size capacity. 

moto lists installed equipment and horsepower rating of individual driving 
ee pathe tipple. Figure 21 gives a schematic flow plan of the tipple. 
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FIGURE 21. - Knife River Coal Mining Co., Lignite Preparation Plant Flow Plan, Beulah, Mercer County, N. Dak. 
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TABLE 5. - Equipment units and rated horsepower of motors used 
in crushing, screening, conveying, and handling 
lignite at Beulah mine 


Equipment | Number _| Rated hp. 


Primary crushers .cccccccccccccccccccccece 1 60 
Secondary crushers .cccccccccccccecccccccs 1 75 
DOr cccccccvccccescccsesccccececcce 1 60 
SCTEENS ceccvccvccccccccccccccscccccccsccces 1 10 
DO eS CECE OR wR MEOW ERS lL 20 
DOs. vob w 6A EOS OW Swe Sees 1 2 
Conveyors: 
Belt eeeeoeea@oeasceaoeneaeoeoeevoeeeeoeeewenwm@0ceeo@ea1eW@e@~dcdeen eee 8 l L5 
DO 5566 666 66 SN Ow Rae 6 WS ewe aes 3 5 
APYON OF PAN ceccccccccccccscsecsesccess 1 7.9 
DO 65666 CECE SSS WARE 2 5 
Chain-flight eceoeev5neeneeeeeeneenecneseeeeee 2 20 
DO 6 5656-520 WK EHS. ESOR ERE RES 4 5 
DO ino 6.56 Se WO 6 hw hee HOSS SSS l 3 
Boxcar loaders and auxiliary equipment ... 2 5 
TOtAL . sipisveieip.ci cusvgdsors.ctain wisisleialeininieic ae: |i: 22. - ih. = S40 6D 


Truax-Traer Coal Co. 


The Truax-Traer Coal Co. began operations in North Dakota in 1927 by 
purchasing the Kincaid mine. Four mines are now operated by the company in 
the lignite district in conjunction with larger operations in Eastern coal- 
fields. Mining practices at each lignite mine are described. General super- 
vision, management, and sales functions of the four North Dakota mines are 
centralized at a general office in Minot, N. Dak. 


Custer Mine 


The Custer mine was opened in 1946 in the Garrison Creek coal bed. It 
is about 6 miles east of Garrison, McLean County, N. Dak., and near the junc- 
tion of U. S. Route 83 and State Highway 37. The mine is served by the 
Minneapolis, St. Paul & Sault Ste. Marie Railroad (Soo Line). The Custer mine 
was closed when it was visited in the summer of 1956, and complete mine data 
were not obtained. Less demand for industrial lignite by powerplants, a re- 
sult of hydroelectric-power production at Garrison Dam, Riverdale, N. Dak., 
was primarily responsible for its closing. It is planned to reopen the mine 
when the demand for coal warrants it. 


Twenty men were employed at the Custer mine when it was operated. Their 
duties and work schedules were similar to those of the Dakota Star mine, 
described later. 


Daily coal production ranged from 700 to 1,800 tons. The average daily 
production for the report period (May 1955 through March 1956) was about 
1,000 tons. The annual production from the mine for 1952 through 1956 follows: 
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Year Production, short tons 
TDD2." ieee: ereiaswiw Woereseie sie: sei eee wee canis 299,822 
boner err ere ee ree ee er ee ee 241,742 
ih rrr eee ere a eee ee ee 287,717 
LOD): s6 owe Sie o's os Boa wee eee ee 185,159 
L950: 3660 ale eewewee60wseeoeewe oon 183 ,504 


The overburden at the Custer mine is 40 to 60 feet thick. It is pre- 
dominantly argillaceous material containing inclusions of sandstone and 1 or 
2 thin riders of lignite. Glacial sands, gravels, and boulders occur in the 
upper part of the overburden, covered by a thin mantle of soil. 


Overburden is removed with a Marion 360 electric-powered shovel with a 
10-cubic-yard bucket. A TX=-310 Tower excavator was used for a time in the 
area of thickest overburden to remove the top 20 feet in a two-unit operation. 
In the declining market the two-unit operation was suspended and the area of 
minimum overburden exploited. The two-unit operation is described in detail 
later in this report when the Velva mine is discussed. 


The coal bed is 5 to 6 feet thick and generally more firmly compacted 
than the lignite at other producing mines. In this area the coal beds are 
also aquifers. In winter freezing of water in the coal beds adds to the need 
for blasting for efficient loading. Drilling and blasting methods commonly 
used have been described previously. 


Water is not plentiful at this mine, although it must be pumped continu- 
ously for about 8 months of the year. In winter, freezing generally lessens 
flow of mine water, and short periods of pumping are sufficient to control it. 


Pit access ramps are constructed through the highwall at intervals of 
about 1,500 feet for the most direct haulage route to the tipple. A coal-berm 
road along the highwall side of the pit is provided to assure a dry haulage 
road above the pit bottom. Main and secondary haulage roads are surfaced with 
gravel from nearby large deposits. The maximum round-trip haul between the 
mine and the tipple is about 5 miles. 


The following equipment was used in mining operations at the Custer mine: 


Stripping Equipment 


Quantity Description 
1 Revolving stripping shovel, l0-cubic-yard dipper, 


Model 360, Marion Power Shovel Co. 


1 Tower excavator, 13-cubic-yard bucket, Model TX-310, 
Bucyrus~-Erie Co, 


Loading Equipment 


1 Loading shovel, 3-1/2-cubic-yard dipper, Model 50-B, 
Bucyrus-Erie Co. 
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Auxiliary Equipment 


Quantity Description 
1 Bulldozer (scraper loader) , Model D-8, Caterpillar 
Tractor Co. 
1 Patrol, Model 12, Caterpillar Tractor Co. 
1 Front-end loader, Frank S. Hough Co. 
1 Truck, 5-ton capacity, Autocar Co. 


Transportation Equipment 


5 Trucks, 20-ton-capacity, bottom-dump, Model 27- 
FID-83W, Euclid Div. General Motors Corp. 


Pumping Equipment 


4 Pumps, 3-inch-centrifugal, 20-hp., electric-motor-drive, 
220-volt, 3=phase, Allis Chalmers Mfg. Co. and Gorman 
Rupp Co. 


Revision and rearrangement of the existing tipple are contemplated to 
meet current changes in consumer demand. 


Dakota Star Mine 
The Dakota Star mine is about 4 miles north and 0.5 mile west, by road, 
from Hazen, Mercer County, N. Dak. This mine, served by the Northern Pacific 
Railroad, was opened in 1944 in the Beulah=<Zap coal bed. 


The annual production from the Dakota Star mine for 1952-56 follows: 


Year Production, short tons 
1952 eeoeeoeoeaogedcdve@edceogo0voee@sd ocd 0eee8e08086 445,787 
ODS: sieewe ese eesen sitteowutes 397,261 
1954 e@eeeoeeoee4oeoeg@*#eenwednea0@eadcegdcseoeeoe#eeesd 336,880 
1955 *e@eeeceee54uaueodveeeeseeeseesecdcesecdconegcendes 320 ,153 
1956 e@eeeeeeeaeese@eaesnasnenvene2eeeeeeeneece 8 @ 310 , 964 


Twenty~one men are employed at the mine, including office and supervi- 
sory personnel. The production force of 17 men works full time, and their 
work is distributed between loading coal and stripping overburden, depending 
on demand for coal. The following schedule shows how the men are employed 
when the tipple is operated and when it is idle: 


Google 


57 


38 


Tipple operating Tipple Idle 

Electrician - 1 Electrician - l 

Tipplemen - 7 Tipplemen (cleaning and repairing) - 3 
Euclid-truck operators - 7 Repairmen (in shop) - 2 

Shovel operator - 1 Stripping (shovel and dragline 

Oiler - 1 operators, oilers, patrol, 


bulldozer operators) - 9 
Drilling and blasting workers - 2 


The daily production averages 2,600 tons of coal but ranges from 2,300 
to 2,900 tons. If the mine were manned and operated at full capacity, over 
3,000 tons of coal could be produced daily. 


Coal is prospected for in advance of existing mine workings by company 
employees using the rotary drill. As at other mines, coal reserves equal to 
2 to 4 years of mine production are blocked out by drilling. 


Overburden in the north area of the mine has an average thickness of 30 
feet and in the southwest area, 40 feet. It consists of argillaceous material 
covered by a thin mantle of glacial till. In some places a rider of lignite 
occurs about 10 feet below the surface. Sandstone lenses 3 to 6 feet thick 
and 15 to 30 feet long occur in the upper part of the overburden in the 
southwest area. 


The overburden covering the northern part of the mine is stripped by a 
Bucyrus-Erie, Model 200W, dragline with a 110-foot boom and a 6~-yard bucket. 
In the southwestern part it is removed by a Bucyrus-Erie, Model 320-B, shovel 
with a 90-foot boom, 62-foot dipper handle, and 10-cubic-yard bucket. Where 
the overburden is more than 40 feet thick, it is removed by a combined opera- 
tion in which the dragline is followed by the stripping shovel (See figs. 22 
and 23.) 


The dragline, operating from the highwall on top of the overburden, re- 
moves the top 20 feet of overburden and casts it into the mined-out area. 
The rest of the overburden is then stripped by the shovel operating from 
the uncovered coal bed, casting behind the spoil pile built by the dragline. 
The bottom of the pit is initially excavated about 80 feet wide. Twenty feet 
of the exposed lignite is used as a haul road for trucks; the remaining 60 
feet of the first strip uncovered is mined. Subsequent strips are established 
by removing the overburden over widths of 60 feet. Where the overburden is 
relatively thin - about 30 feet thick in the northern part and 40 feet thick 
in the southwestern part of the mine - a 90-foot-wide strip of lignite can be 
uncovered with existing equipment. The 70-foot-wide strip to be mined is then 
removed in 2 lifts. 


The thickness of the coal bed ranges from 10 to 14 feet, averaging 12 
feet. The thin rider of weathered lignite called leonardite, about 20 feet 
above the main lignite bed, is wasted with the overburden. Figure 5 shows its 
position in relation to the main bed. There is evidence of water drainage from 
the thin coal seam and down the highwall face of the pit. 
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FIGURE 22. - Plan for Removing Overburden With Dragline and Shovel, Stripping in Tandem 
at Truax-Traer Coal Co. Dakota Star Mine Near Hazen, N. Dak. 
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FIGURE 23. - Stripping Shovel, 10-Cubic-Yard Dipper, Dakota Star Mine, Truax-Traer Coal Co. 
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Two men prepared the coal for loading by drilling and blasting. Broken 
coal equal to that loaded in each shift usually is maintained between the 
roading shovel and the drilling crew. The general drilling pattern and 

lasting practice have been described previously. Five passes of the loading 
Shovel are required to fill a 20-ton-capacity truck. 


: In winter mine water freezes, and pumping is unnecessary for about 4 
onths of the year. During the remaining 8 months moderate pumping is 
necessary to empty the pit sumps. 


te access ramps at this mine are excavated through the highwall side to 
fe the distance to the tipple because the pit is being advanced in, the 
ae of the preparation plant. Main haulage roads from the pit to the 

: pie are surfaced with gravel. Secondary mine roads are surfaced with 
Shel The round trip from the southwest mining area to the preparation 
Plant is 2.5 miles; from the north mining area the round trip is 5 miles. 


Equipment used in mining operations at Dakota Star mine is as follows: 


Quantity Description 
l 


Walking dragline, 110-foot boom, 6-cubic-yard bucket, 
Model 200-W, Bucyrus-Erie Co. 


1 Revolving shovel, l0-cubic-yard dipper, Model 320-B, 
Bucyrus-Erie Co. 
Heading Equipment 
1 Electric loading shovel, 5-cubic-yard bucket, 
Model 85-B, Bucyrus-Erie Co. 
Transportation Equipment 
8 Trucks, 20-ton-capacity, bottom-dump, Model 27-FID-83W, 
Euclid Div. General Motors Corp. 
Pumping Equipment 
3) 


Pumps, 3-inch-centrifugal, 20-hp., electric motor, 
440-volt, 3 phase, Allis Chalmers Mfg. Co. and 
Gorman Rupp Co. 


Rees preparation plant has facilities for producing the complete range of 
ie beers for domestic and industrial consumers. Figure 24 is a schematic 
mee Plan of the tipple at Dakota Star mine. Table 6 lists the installed equip- 

and rated horsepower of individual driving motors. 
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FIGURE 24. - Flow Plan of Dakota Star Mine Preparation Plant, Truax-Traer Coal Co., Near Hazen, 
Mercer County, N. Dak. 
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TABLE 6. - Equipment units and rated horsepower of motors 
used in crushing, screening, conveying, and 
handling lignite at Dakota Star mine 


Equipment 

Primary crushers .ccccccccccccccccccccce 
Secondary crushers .ccccceseccccccccscecs 
Do. @eoeeooad CGeoespoeseceeeaeonovug@a@asoeoeoeoeaoognesodosdsd ee @ 
Don scccccsccrccesseccenscescsessece 
SCLTECHS:.: 4:6 0.6 o:0:6.6e 6 6.6 Bes Sb eo eee eee ea 
DO. «cccccccccsccscccccccesesesecese 
WO ic 4766 6-w 566) 6 ole) w 80a we woe Oe wR 

Conveyors: 
Belt eeeenseeoee@aea@eae@eeoeenea@cdcesds@~ceneaoeoee eed @ 
Do. @eeeeeoodoevs ea e@eoeeeev4@ad0ece@~d@#~edeo0ecndneed ee @ 
APIFON OF PAN coccccsccccccvcccsccccces 
Do. @eeeeoeeeaoeeoeaneaseoseoe0ea2ene00e20002000000008080 
Do. @eeeegceogoe@eswsvnu@e1eeoeee~sdeo8es0e020e20e0e00e200e20e80e808088ee08 0 
Chain-flight coeoeesecoeeseeeeeeseeeson 
Do. @eoeeoeeos eo eos eeaoesveeeoeeevoeaeeveodee sn ee8e8ee8 
Do. @eeseoeoe eoeeaesesovo@easceaeeneeveoeevoeeoee0e00e80800808086 
Do. eeeeeeseecoeaeeoeeaeesvseaenseaeeaeaceaeeeaeseaeecsqe @ 
Do. eeeeoeecovueoeoaeaoeoooeaeeeaeseeeenen000e08e00086 
Do. @eeeeoecnvueeoeesvseaeeaedosve0e0e00e20e20e20e00e020e00ce000e08000800 
Boxcar loaders and auxiliary equipment . 
Do. @eeeeoaeoeoeoeoeoeceoeeaeaean vs eonoen@ea7eeaeaeaoegvdeedeoe 8 0 
DO. cocccsccccscvecesccesecscesesecs 
Do. eeeeeenvuee2020e2080060008000000000800808080808 
Do. @®eseeooeogceaoeasnsee@aoeceaeaevoee@a@encge1eneegeoaoesee0e802ee 00886 


Total @@@eeeeeoeeseaeoeeoeeoaeseseoeeeeogeese 0086 OC CeO 


Kincaid Mine 


The Kincaid mine (in the Noonan coal bed) 


Rated hp. 


NFR RR ee 


1 
2 
1 
1 
2 
1 
1 
3 
1 
1 
3 
1 
4 
1 
6 
l 


is about 5 miles south of 


Columbus, Burke County, N. Dak. A spur railroad (4 miles long), owned and 


operated by Truax-Traer Coal Co., connects the 


mine with the Great Northern 


Railroad. Truax Brothers opened the mine originally in 1920. In 1927 Truax- 
Traer Coal Co., which was formed that same year, purchased it. 


The annual production of lignite from the 
as follows: 


Kincaid mine for 1952-56 was 


Year Production, short tons 


1952 wcccecccccsecesvcevecccece 
1953 ~ccccccccccccccccccccccses 
1954 eeeeseeoeseoeosocevneaeaenveeeoeodoese 08 6 8 
1955 wccccccccccccccccscccccnce 


1956 eeeeoeceeweoc@e~ce~noce0cesoee eeend 


Fifty-one men are employed at this mine. 


418,243 
409,081 
400,107 
459,727 
485,567 


At the other Truax-Traer mines 


fewer men are employed, because the current decrease in demand for coal has 
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partly curtailed these mines’ operations. Job classifications and number em- 
ployed for each job at the Kincaid mine follow: 


Classification Number employed 


Mine Employees 


Stripping /Shovel and dragline operator .ccccccccccves 
Operation LOLLEr cacccccccncccvccccncccccncccccccccces 
Loading f Shovel operator secccacccccccescccccccccece 
Operation LOLLer wecccccccvcccrcvcccsccccscccccccccees 
Euclid truckdriver csccccccccccccccccccccece 
Patrol Operator weccccccsccccccccscscccscce 
Bulldozer operator ccccccccccccccccccccvens 
PuMp OPeCratOLr wecccccvecccccccccccscccscccces 
Shot firer e@eseeaoeasvseoeeaoevneoeaeeeeueeeeaeee0eaege eee ee 0 


me Dm CN DM WD 


Preparation-Plant Employees 


FOLEMAN: 6 s6wiew 666.65 06.55 650065606 5S ECO WS 
Operator CHOHCHOHOHSCHOHSOEOCH OHO HO AOSECOCHEHO HOHE OH ODES 
OLLGE Ssrscccies 6 6.00 ww Sew ewes Sees erasers one ww 
Railroad car Loader 6.666 is-6:6806% 9406006 600% 
Railroad car dropper wccccccccccccvccccccce 
Railroad car starter (crab operator) ...... 


Pewee ee 


Machine-Shop Employees 


Mechanic eeaeeoasvoueaa Bceoeoeeeveeeveseoeoeaeevoeaeevn@a2eoe eee eae 
Welder eeoeaoeeoevoeaeoeoeeoasoeoeeeaeesseceoeea@soeoeaeoneonen one ee ee @ 


Electrician CROCCO CHEE OCHO ECHOES HOHOHC HOCH EOE E 


Mm he 


Carpenter-Shop Employees 


Carpenter eeoeeeoeecaevoeoeveevoeeoaee@aeseaseocgvge@eaednon@ea2e eo 8 8 @ @ 1 
Camp maintenanceman .eccecccccecsccccecscccces 1 


Company-Railroad Employees 


ENQZim€er wecvcvvcccvccscevccevcccessccesesecece 
BrakeMall: os sw0006008Ga seb 6seseesescw wee ese 
PLLOMAN 6.666660 66.6.6 06.56.06 © 66.06 66 0 6006 06.0.6 60 
PEACK- DOSS: o.6:6.0 se 6:50 46k Kees 6 ae ers 0:0 we wee 
Track helper COCCC CEO COCO EOC HE OOOOH OOH O EEE 
Car ClOAQner 6i6:6d000 sense bee esse esi sue es 


NO ll coll coll cell ol 


Supervisors and Other Employees 


Supervisor ecOCCC CCC OCHS ECE COE OCC OOOOH OBES EOE®S 
Office clerk CCCOCCEC ORO EEO OEE OOH OO RECO EHOOe 
Watchman eceeeeeeaneceeeecesaccesneeceneeeeeeeeseoen 


W N PO 


An average of 2,500 tons of coal per operating day is produced from the 
Kincaid mine. The daily production ranges from 2,300 to 2,900 tons. The 
larger daily tonnage generally is produced when the mine is operated 25 or 
26 days a month. 
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Two coal beds are mined at this property. About 20 feet of argillaceous 
material overlies the upper lignite bed, and about 35 feet of similar material 
lies between it and the lower lignite bed. Sandstone lenses occur in the 
lower burden, and large boulders and lenses of sand and gravel are near the 
surface in the upper overburden. 


A typical section of the upper lignite bed is as follows: 


Feet 
(BOS 4 Ann cae Teo oD. ob OOOO 2.0 
Clavie LAY. aaicvercoisteicioteietetelsevere'o 1.5=2.0 
Oat nica a io lel olahade to eteiereieile etn vorsioie 2.0 
DANGSIEONE arewoisueneneteao cleus, oses0 \eicie' ore 0-0.5 
Coals \oyorcksis okelerstetove esata ols 06 avo. ece 4.0-5.0 


The top 2.0 feet of coal and the 1.5 to 2.0 feet of gray clay are re=- 
Moved and wasted with the overburden. The remaining 6 to 7 feet of coal, 
rntaining the 0.5-foot sandstone parting, is mined. The lower lignite bed 
ot 8 feet thick and is mined after the upper coal bed has been extracted 
and the g 


€parating 35 feet of burden has been removed. 


Gro 
drill, 


tained, 


und ahead of the existing mine workings is prospected with a rotary 
Measured coal reserves, equal to 2 to 4 years of production, are main-~ 
Figure 25 shows the mine plan and prospecting pattern. 


A Marion walking dragline, model 7400, with a 12-cubic-yard bucket and 
175~foot boom, and a Bucyrus-Erie model 375-B revolving stripping shovel with 
* 10-cubic-yard dipper, 90-foot boom, and a 62-foot dipper handle are used in 
Combination to remove overburden at the Kincaid mine. In the upper bed the 7 
feet of Tecoverable lignite has a ratio of overburden to coal thickness of 
about oye Despite the low ratio, mining is not as simple as indicated, because 
the lignite must be removed in two operations to eliminate the sandstone parting. 


Figure 26 shows the several phases of the mining process. The initial cut 
act © upper bed is made with the dragline from a position near the highwall of 
© strip previously mined out. Operating on a 50-foot-wide spur (from the 
“ge of the old highwall) , a 150-foot-wide cut is made by dragging the bucket 
Petpendicularly to the line of pit advance. Waste is cast into the area from 
vac Coal has been mined by swinging the boom about 130°. The dragline com- 
es 


s 2 digging cycle in about 45 seconds. The 150-foot-wide cut is advanced 
Everal hundred feet. 


* In the second position the dragline operates from the leveled spoil pile 
sae first Operation to remove the 50-foot-wide spur. Waste is cast on Zoe 
. the leveled spoil but behind the dragline. These two operations clear the 
PPer bed for subsequent mining. 


Pil After the upper bed has been mined, the dragline is moved from the spoil 
es 


the ae the bench, where the burden over the lower seam must be removed. In 
i 


Out ar 


rd Operation the dragline makes a 70-foot-wide cut next to the mined- 
So. by dragging the bucket in the direction of pit advance. Overburden 
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FIGURE 25. - Map of Kincaid Open-Pit Lignite Mine, Traux-Traer Coal Co., Near Columbus, | 
Burke County, N. Dak. | 
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FIGURE 26. - Plan for Removing Overburden From Two Lignite Coal Beds With a Marion-Model 
7400 Walking Dragline at Kincaid Mine, Truax-Traer Coal Co., Columbus, N.Dak. 
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is cast over the second spoil pile into the trough between it and the spoil 
from the strip previously mined. After the dragline completes this operation, 
the lignite in the exposed lower bed is mined, and successive strips of over- 
burden 30 to 40 feet wide are removed with the shovel. 


No blasting is required in mining the upper coal bed. Because of freezing 
the lower bed must be blasted from October through March. The drilling and 
blasting practices are similar to those at other mines in the area. 


The recoverable lignite of the upper bed is mined and loaded with two 
electric-powered shovels operating in series. (See fig. 27.) Four to five 
strips are made to mine the 200-foot-wide bench of uncovered coal. The first 
strip is advanced with one of the shovels along the new highwall, recovering 
the lignite down to the sandstone parting. Successive strips work progress- 
ively toward the spoil-pile side of the pit. When the first shovel has ad- 
vanced enough to permit equipment to operate behind it, the sandstone parting 
is removed by a bulldozer or Payloader and stored in piles along the edge of 
the advancing pit. The second shovel now begins mining the remaining 4 to 5 
feet of lignite. As the shovel advances, piles of sandstone parting are 
bulldozed into the pit behind it. 


The shovel used to load the upper part of the bed is kept well in advance 
of the shovel mining the lower part. Although the lower part is twice the 
thickness of the upper part, advance in the upper bench is slower because of 
partly filled dippers and extra traveling required. About 1,700 tons of coal 
can be mined from the upper part of the bed per 7.25-hour shift; 2 or 3 times 
that much can be mined from the lower bed in the same time. 


Ramps to the pit are built through the spoil piles. Gravel is used to 
surface the main haulage roads. Coal clinker and ashes from the nearby power- 
plant are used to surface secondary roads. The round-trip haul from the mine 
pit to the tipple is about 5 miles. 


Water is not present in appreciable amounts in the upper coal seam. A 
2.5-inch discharge pump, working intermittently, readily empties the mine 
sump. A moderate amount of water is found in the lower lignite bed. Medium- 
size pumps, working independently or in parallel, readily drain the lower pit. 
Coal-berm roads are used in the lower part of the pit but are not needed when 
the top bed is being mined. 


The following mining equipment is used at the Kincaid mine: 


Stripping Equipment 


Quantity Description 
1 Stripping shovel, l0-cubic-yard dipper, Model 375-B, 


Bucyrus-Erie Co. 


1 Stripping and walking dragline, 12-cubic-yard bucket, 
Model 7400, Marion Power Shovel Co. 
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Loading Equipment 


Quantity Description 
2 Power shovels, 3-1/2-cubic-yard dippers, Model 50-B, 


Bucyrus-Erie Co. 


Auxiliary Equipment 
2 Bulldozers, Model D-8, Caterpillar Tractor Co. 


1 Bulldozer, gasoline motor, Model 50, Caterpillar 
Tractor Co. 


Patrol, Model 11, Caterpillar Tractor Co. 
Front-end loader, Payloader, F. G. Hough Co. 
Front-end loader, Model Industrial 88, Oliver Corp. 


- = = 


Wagon drill, Chevrolet transmission, 5-hp. motor, 
made in mine shop. 


Transportation Equipment 


8 Trucks, 20-ton-capacity, bottom-dump, Model 27-FID- 
83W, Euclid Div. General Motors Corp. 


2 Railroad locomotives, 12l-ton, 2400 class. 


Pumping Equipment 


2 Pumps, centrifugal, 3-inch-discharge, 10- and L5-hp., 
electric motor, Gorman-Rupp Co. 


1 Pump, centrifugal, 2-inch-discharge, 7-1/2-hp., 
electric motor, Gorman-Rupp Co. 


2 Pumps, centrifugal, 1-1/2-inch-discharge, 5-hp., 
gasoline motor, Wisconsin, Gorman-Rupp Co. 


2 Pumps, centrifugal, 2-1/2-inch-discharge, 10-hp., 
electric motor, Baldor Electric Co. 


Figure 28 shows a schematic flow plan of the preparation plant at the 
Kincaid mine. A powerplant operated by Montana~Dakota Utility Co. is adja- 
cent to the tipple. The powerplant is supplied with fuel by a conveyor belt 
extending directly to its stockpile. Table 7 gives the installed equipment 
and rated horsepower of individual driving motors in the tipple. 
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FIGURE 28. - Flow Plan of Kincaid Mine Preparation Plant, Truax-Traer Coal Co., Near Columbus, 
Burke County, N. Dak. 


sores» GOOgle 


—L 
mM 
olden 
I 
mn 
n 
| 


» Google 


iy? 


TABLE 7. - Equipment units and rated horsepower of motors used in 


conveyin 


crushing, screening, ying, and handling lignite a 
Kincaid mine 
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1/ Hoists (locally called crabs) used to spot cars under tipple. 


The Velva mine was opened in the Coteau coal bed in 1927, 
miles southwest of Velva, Ward County, N. Dak. 
Minneapolis, St. Paul & Ste. Marie Railroad (Soo Line) at Voltai 
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Velva Mine 


of spur track owned by Truax-Traer Coal Co. 


Rated 
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The mine is connected with th 


Annual production of Velva mine from 1952-56 was as follows: 


Forty-five men are employed at the mine, including the railroad 
watchman, office, and supervisory force. 


are similar to those of the Kincaid mine. 


The daily production ranges from 2,400 to 3,100 tons of coal 


about 2,800 tons. At maximum operating capacity, 


produced, 


Year 
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The overburden ranges from 30 to 75 feet in thickness. A blue-gray 
clay 15 to 20 feet thick, containing sand and pebbles, overlies the coal. 
Above the clay the stratum is argillaceous material containing concretions and 
lenses of sandstones, ranging in color from drab yellow to buff. 


The Coteau coal bed at Velva dips gently southward and undulates locally. 
Its thickness ranges from 6 to 18 feet and averages 14 feet. On the west side 
of the mine the bed is relatively consistent in thickness but contains a clay 
parting, a few inches to 3 feet thick, about 4 feet above the bottom of the 
bed. On the east side of the mine the bed is irregular in thickness but does 
not contain the clay parting. Silicified logs are found in the upper part of 
the Coteau coal bed in the west part of the mine. 


Rotary-drill prospecting has developed a measured reserve of about 
2,000,000 tons of coal in the Velva ground. 


The overburden is removed with a power shovel where it is less than 40 
feet thick. Where the overburden is over 40 feet thick and is not more than 
70 feet, a Bucyrus-Erie 750-B stripping shovel and a Bucyrus-Erie TX-310 tower 
excavator are used in combination. Overburden-to-lignite ratios range between 
2 and 10 but average about 5. 


Two methods are employed to remove the overburden, using the 2 machines in 
combination. The first method is diagrammed in figure 29 and pictured in 
figure 30. 


Initially, a 40-foot-wide cut is made with the shovel through the over- 
burden and parallel to the previously mined-out strip. The shovel used has 
an 85-foot boom, a 60-foot dipper arm, and a 22-cubic-yard dipper. It can cut 
a face 82 feet high and has a dumping radius of 99 feet. The spoil from the 
first shovel cut is dumped into the mined-out area. 


The tower excavator consists of two self-propelled, tractor-mounted towers 
with track and drag cables and ropes so arranged that a bucket scraper can move 
material between them. The head tower is placed on the leveled spoil pile, and 
the tail tower is operated on the highwall. The track-cable sheaves on the 
head tower and tail tower are, respectively, 130 and 30 feet above the ground. 
A Sauerman 12-cubic-yard bucket scraper is pulled between the towers and can 
be operated to load and dump anywhere within the span. 


In the first method spoil deposited by the shovel in the first cut is 
moved farther up the slope of the existing spoil pile to provide space for the 
additional overburden removed from the second shovel cut. Because the tower 
excavator is operated from a stationary position, the action of the scraper 
is confined to a plane normal to the direction of the strip pit. The opera- 
tion is usually started near the base of the first spoil pile, even with the 
top of the coal, and the material is dragged toward the high tower. The tow- 
ers remain in their respective positions until the bottom of the trench formed 
by the scraper is level with the top of the coal. After all the readily han- 
dled material has been moved, the tail and head towers are moved simultaneously 
a short distance ahead in the direction of the pit advance. This procedure is 
followed until all the spoil from the first cut above the level of the coal is 
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moved and space has been provided for the material spoiled from the second cut, 
which will be about 30 feet wide. The combined width of cuts 1 and 2 is 70 
feet. 


In the second method the upper 20 feet or more of overburden is removed 
with the tower excavator, forming a cut 150 feet wide. The spoil from this 
cut is placed as close as possible to the head tower. (See fig. 31.) Digging 
is continued until about 40 feet of overburden remains above the coal. The 
stripping shovel is then used to remove the remaining overburden, usually in 
3 strips, each 50 feet wide. The coal is mined as each successive strip is 
cleared. 


During winter the overburden and coal become frozen, and drilling and 
blasting are necessary for efficient stripping and loading. Usually, the 
upper 3 or 4 feet of the ground to be stripped is frozen. Blast holes, 
drilled in a square pattern to the frostline, are loaded with 3 or 4 sticks 
of explosive, stemmed with clay, and detonated with electric blasting caps 
set off by a permissible 10-cap-capacity magneto blasting machine. The same 
procedure is used to break the coal except that the distance between the 
holes generally equals the thickness of the coal bed. However, the holes 
are never more than 12 feet apart, even where the coal bed is thicker. 


In the first method of stripping the uncovered lignite bed is about 70 
feet wide. The mining is advanced on a 50-foot-wide face with a road berm 
of 20 feet for a haulageway. 


The electric-powered loading shovel with a 6.5-cubic-yard bucket travels 
on the clay floor under the mined-out coal. The mined area is separated from 
the spoil pile by a thin fender of coal to prevent the spoil from slumping 
into the pit. Four dipperloads usually fill the 20-ton-capacity trucks. 

The coal strip is mined the full length of the stripped coal. In some places 
mining can proceed in the same direction for the entire length of the pit or 
between the access and egress ramps. In other places, where the slope of the 
coal bed changes locally, the direction of mining is changed so the water will 
drain from the working face. Bulldozers and Payloaders are used in conjunc- 
tion with the loading shovel to clean up the loose coal in the mining area. 


Water creates a major problem at this mine. Before the coal can be mined, 
large sumps and pumping stations must predrain and lower the water table below 
the working level in the east section of the pit. Predraining is not necessary 
in the western part of the pit, but continuous pumping is required to keep the 
water from the working area. 


Pit-access ramps are built through the spoil pile and along the pit bot- 
tom are coal-berm roads. All haulage roads are surfaced with gravel. Gravel 
deposits are large enough to supply all anticipated demands but occur about 1 
mile from the nearest point of use. 


Maximum distance between the mine pit and preparation plant is 3 miles. 


Major mining equipment of Velva mine is as follows: 
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Stripping Equipment 


Quantity Description 
1 Tower excavator, Sauerman 12-cubic-yard bucket-scraper, 


Model TX-310, Bucyrus-Erie Co. 
1 Stripping shovel, 85-foot boom, 60-foot dipper arn, 
22-cubic-yard dipper, Model 750-B, Bucyrus-Erie Co. 


Loading Equipment 


1 Shovel, 36-foot boom, 25-foot straddle dipper-sticks, 
6-1/2-cubic-yard coal-dipper, P-H Model 1400, 
Harneschfeger Corp. 


Auxiliary Equipment 


1 Front-end scoop loader, Model 90568, Frank G. Hough Co. 
1 Bulldozer, Model D-8, Caterpillar Tractor Co. 
1 Patrol, Model 12, Caterpillar Tractor Co. 
Transportation Equipment 
6 Trucks, 20-ton-capacity, bottom-dump, Model 27-FID-83-W, 
Euclid Div. General Motors Corp. 
1 Railroad locomotive, 65-ton, diesel, General Electric Co. 
1 Railroad locomotive, 130-ton, steam. 
Pumping Equipment 
5 Pumps, self-priming, centrifugal, 3-inch discharge, 


25-hp., electric motor (200 volt,a.-c.), Gorman Rupp Co. 


1 Pump, centrifugal, 4-inch discharge, 30-hp., electric motor 
(220-volt, a.-c.), Allis Chalmers Mfg. Co. 


1 Pump, centrifugal, 6-inch discharge, 40-hp., electric motor 
(220-volt, a.-c.), American-Marsh Pumps, Inc. 


Prospecting Equipment 


1 Failing Hole Master drill, Model 750, George E. Failing 
Co. This drill is used for prospecting at all Truax- 
Traer Company mines but was stored at the Velva mine. 


The new preparation plant at the Velva mine now consists of an integrated 
series of crushers and screens to produce all domestic- and industrial-size 
fuel. Built in 1954, it was placed as close to the mine as possible to reduce 
the haulage distance. Figure 32 shows a schematic flow plan of the tipple. 
Table 8 lists the major equipment and rated horsepower of individual driving 
motors. 
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FIGURE 32. - Flow Plan of Velva Mine Preparation Plant, Truax-Traer Coal Co., Ward County, N. Dak. 
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TABLE 8. - Equipment units and rated horsepower of motors used ip 
crushing, screening, conveying, and handling lipnite 


at Velva mine 


Equipment 


Primary crushers eeoeoeceaoeaeoneve2e2e2e2e2820@20828220202872080280808 8 
Secondary crushers eoeceonvneaeaeeee82e0eeeee7088 8 & @ 


DO. eseveen0ee782@2020202802898028002808027828008028080220780227208080090 eoe 
Dow. ecoaoevovosvee2e2e02e202028020020H2020080280280808088080282008087800 @ 
DGOws eeoveeeveevevee2ee2e0220202802020280280780808280080 88 888 8 8 @ 


Screens owe eoeveoseereeeseeneeeeeevoeveeeeeeeeeoe 6 & @ 


PRR rRrENe 


DO sis 05 6:6:0. 6001010" Gc) 0,416. 0 sare ele! letetioie seis! 6 a. e1e\onene 
Conveyors: 

BOLE ale. «6 e476 6.010) 0 0 aFe 6 6) Ole siale-@ 816.0 s).¢s1616-6.0 01 

DO in:a:0: oe) 6:0) 6.8 6 0161.45010) 616 <6) 06.6) 6 006) 6816/81 6 6 6).6)61.6:,6)6"0 

APYON OF PAN .coececccsseereveesoecececees 

DO jai cro) ©. 6.01.0) 0. 06.6 6 ee 0 0 61016 ol civie. 60 61d 6\0)0.0 6) ee 6 

Ghain=E£LLGHE «cae cose nec oclsls scice soe 0.slce see 

DO uigs 60: oc) ciel sve) © 4) 616 o. ol o\uie’e se) o'igielel sl 6ie\e o)nelsio10 

DO siete 6 0-6 3.5 6.661010 10:016 656 610 6616 081616 0.0.6 6616 016 0: 8/6 

Do wv ccccccveccecrercccc cece esses oesoe 

Do. cs ccccrvcccccsrerecscrecee cee ceesceecs 

DO vcs ccsccssecdvcdiecrncccossvoensscaeces 

Boxcar loaders and auxiliary equipment ..... 


DO savas duds ov ovaries bs arenes Guehate-cl cereal ai) ov eliaehovelielalavcteravess 


Railroad car hauls2 


NNRPEFPRENNFP PRR SE 


@eeaeseseeeoeve002cde@ed2cd0#eeee2o0c02e8 @ 


10 
Total @eeoeceecee@oeeoceescoe eee esoenoeeoe eo @ 857.5 


1/ Single motor drive. 
2/ Hoists (locally called crabs) used to spot card under tipple. 


rae 


81 


APPENDIX 
The following tables were prepared from data furnished by the Branch of Coal 
Technology, Federal Bureau of Mines, Region III, Denver, Colo. The analyses 
of the selected samples of North Dakota lignite were made by the Analysis 
Section, Central Experiment Station, Bureau of Mines, Region V, Pittsburgh, Pa. 


TABLE 9. - Proximate analyses of North Dakota lignite on as-received basis 


Proximate analyses, weig Bat -percent 
Mine Size of coal Moisture | matter hares 


Beulah-Knife River | 10- by 4-inch lump 5.4 
Dow eeocccoseeee | 27-inch crushed 6.3 
Velva wccscccccece | 8= by S5-inch Lump 4.7 
Do. seccceceese | 2- by 1/2-inch crushed 6.1 
Dakota Star ......| 18- by 8-inch lump 6.1 
Dow cocccccecee | 2-inch crushed 5.7 
Custer .csccoceeee | 8= by 6-inch Lump 4.1 
Do. secvccsceee | 27-inch crushed 5.1 
Kincaid ...ececececee | 2-inch crushed 6.2 
DO. eeocccccece | 1/2= by O-inch slack 10.0 
Baukol-Noonan .... {| 2-inch crushed 6.0 
Do. cevccccece | L/4= by O~inch slack 10.8 
Do. secsececee | 2- by 1/2-inch screen 8.3 


TABLE 10. - Ultimate analyses of North Dakota lignite on as-received basis 


Ultimate analyses, weight - percent 
Mine Size of coal bon ae 


Beulah-Knife River | 3-inch lump 


Velva Sess deleeeeae. 1O* by 4-inch stove e 
Dakota Star ...... | Crushed mine-run 

Custer seeecececovecece do 

Kincaid ..ccccccee do 


Baukol-Noonan . eee do 


Google 
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TABLE 11. - Heat value of North Dakota lignite, British thermal units 


Mine 
Beulah-Knife River 


DOsi 665 sesecaus 
VGlLVa os6cs se wiresaws 
DOws:6'owe~ 6 ees e%s 
Dakota Star ..coee 
oP ee ee ee 
CUSLED ssisesesnad 
DO. 6 bcs cae eens 
Kincaid ..ccccccce 
DO 0-466 eswise ees 
Baukol-Noonan .... 
DOs eee See wees 


Do.. @eseeeeeaeeaeseod 


TABLE 12. - Fusibility of North Dakota lignite ash, °F. 


Mine 
Beulah-Knife River 


DO... eovccevecen 
Velva wccccccccces 
DO. ese eheews 
Dakota Star ..cce. 
DO i505 o:4.6:0:6:6:6.6 68 
Custer .ccccoccees 
DO sis 6:06.60 be seewe 
Kincaid ..cccccece 
DO ge diese eames 
Baukol-Noonan .... 
DO ss sesvvevesve 


Do.. @eeseeeeeaeocdce?es8 


Size of coal 


10- by 4-inch lump 
2-inch crushed 
8- by 5-inch lump 


2- by 1/2-inch crushed 


18- by 8-inch lump 
2-inch crushed 


8- by 6-inch lump 
2-inch crushed 
2-inch crushed 
1/2- by O-inch slack 
2-inch crushed 
2- by 1/2-inch screened 
1/4= by O-inch slack 


Size of coal 


10=- by 4-inch lump 
2-inch crushed 
8- by 5-inch lump 


2- by 1/2-inch crushed 


18- by 8-inch lump 
2-inch crushed 

8=- by 6-inch lump 
2-inch crushed 
2-inch crushed 


1/2- by O-inch slack 


2-inch crushed 


2- by 1/2-inch screened 
1/4= by O-inch slack 


Google 


deformation | Softening 
emperature |temperature | temperature 


12,010 
11,970 
11,990 
11,900 
12,380 
12,200 
11,890 
11,970 
12,760 
12,710 
12,390 
12,630 
12,550 


Fluid 


2,570 
2,560 
2,570 
2,420 
2,460 
2,470 
2,590 
2,570 
2,280 
2,190 
2,360 
2,210 
2,140 
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